University of Richmond

UR Scholarship Repository
Master's Theses

Student Research

4-1-1961

Polysubstituted Piperazinethiocarboxamides
Donald W. Kreh

Follow this and additional works at: http://scholarship.richmond.edu/masters-theses
Recommended Citation
Kreh, Donald W., "Polysubstituted Piperazinethiocarboxamides" (1961). Master's Theses. Paper 182.

This Thesis is brought to you for free and open access by the Student Research at UR Scholarship Repository. It has been accepted for inclusion in
Master's Theses by an authorized administrator of UR Scholarship Repository. For more information, please contact
scholarshiprepository@richmond.edu.

Dedicated to my parents,

Donald L. and Helen W. Kreh.

Acknowledgement
The author is :indebted to Dr. J. Stanton Pierce, professor of
Chemistry, for direction of this research and for his generous advice
and constructive criticism. Grateful aclmowledgement is made to Dr.
E. Emmet Reid for the use of a chapter from his forthcoming volume of
Organic Chemistry of Bivalent Sulfur.
Acknowledgement is also given to Mr. Ying-Ho Chen, Mr. Clifton
E. Barton, and Mr. Dallas

o.

Pinion for preparation of several inter-

mediates.
Financial assistance from the Geschickter Fund for Medical
Research, Inc. is gratefully acknowledged.

TABLE OF CONTENTS

PAGE

I. PURPOSE Al'JD SCOPE OF THE RESEARCH • • • • • • • • •

• • •

1

II. NOMENCLATURE • • • • • • • • •• • • • • • • • • • • • • • •

2-

. . . . . . . . . . . . . . . .. . . . . . . . . .

3

Biological Properties of Thioureas • • • • • • • • • • • •

3

Antithyroid Activity • • • • • • • • • • • • • • • • • •

3

Antituberculous Activity •• • • • • • • • • • • •

5

III. HISTORY

~

Anthelmintic Activity •••

. . . .. . . . . . . .

•

0

•

• • •

10

RodenticidaJ. Activity • • • • • • • • • • • • • • • • •

15

Antibacterial Activity • • • • • • • • • • • • • • • • •

19

Insecticidal Activity • • • • • • • • • • • • • • • • •

22

Hypnotic and Anesthetic Activity • • • • • • • • • • • •

24

i'1iscellaneous Properties • • • • • • • • • • • • • • • •

26

Non-Biological Properties of Thioureas • • • • • • • • • •

28

• • • • • • • • • • • • • •

28

Applications as Inhibitors • • • • • • • • • • • • • • •

29

Applications with Textiles and Dyes

• • • • • • • • • •

32

Hiscellaneous Applications • • • • • • • • • • • • • • •

33

Applications in Photography

IV.

•

METHODS FOR THE PREPARATION OF THIOUREA DERIVATIVES

••• •

36

• • • • • • • • • • • • • •

36

• • • • • • • • • • • • • • • •

40
42

Carbon disulfide and an Amine
Thiophosgene and an Amine

Organic Isothiocyanate and an Amine

• • • • • • • • • • •

Alkali Thiocyanate and an Amine Hydrochloride
Thioureas and Organic Halides

••••••

0

• • • • • •
••••••

·-

45
46

v
P.AGE

v.

EXPERIMENTAL • • • • • • • • • • •

• • • •

• • • • • • •

48

•

73

VII. TABLES • • • • • • • • • • • •
• • • • • •
• • • • •
VIII. BIBLIOORAPHY • •
• •
• • •
• •
• •• • • • •
•

75

VI. ANALYTICAL • • • • • • • • • • • •

• • • • • •

•

•

•
•

•

•
•

79

LIST OF TABLES
TABLE

PAGE

Io

Crystalline Polysubstituted Piperazinethiocarboxamides

• • •

76

II.

Crystalline Polysubstituted Piperazinethiocarboxamidos

• •

•

77

•

78

III.

Non-Crystallin~

Polysubstituted Piperazinethiocarboxamides

I.

PURPOSE AND SCOPE OF THE RESEARCH

Thiourea and its derivatives have found wide application in dyes,
photographic film, elastomers, plastics and textiles.

Certain thioureas

possess biological properties and considerable work has been done in
this area.

The historical portion of this paper is divided into bio-

logical and non-biological properties

of

thioureas.

In the literature

search, primary importance was given to the biological properties of
thioureas.

The objective of the experimental work was to prepare com-

pounds having potential pharmacological activity and to determine the
physical constants of these compounds.

II.

NOMENCLATURE

The nomenclature used is that designated by Chemical Abstracts.
The thiourea system is numbered as shown below.

s
R

II

..,R"

'N-C-N
R1
\R111
1 2 3

S-substituted thioreas are referred to as either pseudothioureas or
isothioureas. Both classifications are used in the literature.

III.

HISTORY

A. Biological Properties of Thioureas
1.

Antithyroid Activity

An antithyroid drug is defined "as a chemical agent which lowers

the basal metabolic rate by interfering with the synthesis, release, or
peripheral action of the thyroid hormone."

1

Two classes of chemical substances are knovm. to inhibit the endocrine function of the thyroid gland.

These are a number of aniline

derivatives,.including sulfonamides, and derivatives of thiourea.

Most

successful in the control of.hyperthyroidism in man are thiourea and
2
.
.
thiouracil.· ·The following tab~e shows the comparative antithyroid
effects of several compounds in the rat and in man. 3

COMPARISON OF ANTITHYROID EFFECTS IN THE RAT AND IN MAN
Compound

Formula

Activity %
Rat
Nan

/NH-c=o

Thiouracil

)m

s=c

100

100

10

100

40

100

':NH- CH

s
n

Thiourea

H2N-C-NH2
.. SH
II

Is.opropylthiourea

t

CH

I 3

H2N-C-N... CH

'CH3

4
This activity has been attributed to the ability of these compounds to
react with iodine.

4 Daily administration of 1-2 gm. of thiourea or

0.2-1.0 gm. of thiouracil brings about a relief of the hyperthyroidism
symptoms and a return to normal of the serum cholesterol and basal metabolism.
Thiourea, even when administered with iodide or dilodotyrosine,
causes thyroid hyperplasia and a decrease in both thyroxine and nonthyroxine iodine of the thyroid gland. 5 Rats given 20 w.g. of allylthiourea daily for eight weeks developed extreme hypertrophy and hyper6
plasia of the thyroid.
Many experimental results concerning the antithyroid activity of
thioureas have been published and there are many discrepancies in the
results of the different workers.

These discrepancies possibly result

from the different testing methods used.
ever, have been fonnulated.

8

7

Certain generalities, how-

Thiourea has from one-eighth to one-tenth

the antithyroid activity of thiouracil.

Substitution of one, two or

three of the hydrogen atoms of thiourea by methyl groups does not significantly affect the activity.

Replacement of all four hydrogen atoms by

methyl groups increases the activity considerably.
and diisopropyl

~hiourea

are highly active.

Di-ethyl, isopropyl,

The activity drops or dis-

appears as large molecular weight substituents are substituted for
Also substitution of polar groups such as NH 2, NH, and
in the substituents on one or both nitrogen atoms destroys the acti-

hydrogen atoms.

c:o

vity.

Pseudothioureas are inactive but the activity is increased when

the thiourea moiety is incorporated into a ring not involving the sulfur.

9

5
2.

Antituberculous Activity

There are numerous compounds which are able to kill tubercle
bacilli in

~'

less potent.

10

but the

~

vivo activity of these compounds is much

Thiourea and its derivatives are among the compounds

which possess tuberculostatic activity.
definite activity in

~

Thiourea possesses a slight but

which is increased by appropriate substitu-

tion as in allylthiourea (I) and in p-aminobenzenesulphonylthiourea
11
(II).
HS

HS

CH : CH-cH ..N-3-NH
2
2
2

(I)

:Y"

0

2

' ft
-N-C-NH
2

~I
(II)

12
Early work done by Kosuke Yamaguchi during the early 1920 1 s,
led to the discovery that thioureas are active against human tuberculosis. During the early 1920's, a patent was issued for compounds
described as the gold salt of the product obtained by reaction of carbon
disulfide and an alkali or alkaline earth hydroxide with an amino acid
13
or esters of amino acids.
These compounds, such as (KOOC-CH -NHCS ) Au
2
2 .3
were claimed to have considerable antituberculous activity. This discovery immediately caused mu.ch interest in this field and considerable
work with gold compounds as chemotherapeutic agents for tuberculosis

6

followed.

It was not until many years later that thioureas, which can

be prepared from carbon disulfide and an amine in the presence of an
alkali hydroxide, were considered as tuberculostatic compounds.
In

1944, a patent was issued for copper compounds made from

thioureidobenzoic acids.
against tuberculosis.

These compounds were claimed to be active

~·

The actual suggestion of thioureas as chemotherapeutic agents
for tuberculosis was made by Massie.

15 His suggestion of using long-

chain alkylthioureas was based on the fact that tubercule bacilli contain large amounts of lipoidal tissue and these thioureas are lipoid
soluble.

The investigation of thiourea and hundreds of its derivatives

followed this suggestion. In 1945, tests with rabbits injected with a
suspension of human tubercule bacilli showed thiourea to be effective
against tuberculosis.

Improvement was noted in the test animals that

received 200 mg. of thiourea.

16

During this early work, the antituberculosis action of thiourea
was believed to be due to a reduction in basal metabolism.
reduce oxygenation of the tissues and
1
upon the tubercle bacilli. 7

possibl~

This would

lead to an adverse effect

Little success was found with the thioureas, except in the sulfo-

.

nylthioureas, until 1952.

18

In that year, p-thiourea derivatives of

salicylic acid were found to be effective in in vitro tests. Maxi.'r!IWll
activity was found in compounds of the general type

1

when R was aromatic.

The activity decreased or disappeared completely

"When R was aliphatic or 'When o- or m-a:m.inosalicylic acid was used.

The

compound giving the best results was the following,

OH
HOOC

I
~ i It
~-N-C-N-C H
"===/6 5

but it did not produce a complete cure. 1 9
In 1953, the discovery by Dr. R. L. Mayer that 4,4'-diethoxy-

diphenylthiourea had high antituberculosis activity in infected mice
20
prompted synthesis and testing of many like compounds.
These com-

--

-

--

pounds were tested in vitro against M. tuberculosis and in vivo in
experimentally infected mice.

The l,3-di(4-substituted phenyl)

thioureas showed considerable!!!!!!.£ activity in mice. Exceptional
activity was found in 4-ethoxy-4 1 -isobutoxydiphenylthiourea (III) and
4-n-butoxy-4 1 -dimethylarninodiphenylthiourea {IV).

{III)

8

These tests revealed specific structural requirements necessary,
as indicated below, for antituberculous activity of the thioureas of the
21
following general structure

where R is an alkoxy group.
a)

Shortening the 4-substituent to methoxy destroys activity.

b)

Lengthening of the chain in the 4-substituent increases activity

to a maximum at three to four carbon atoms.

Increase beyond this causes

activity to decrease and to disappear at C3H17o.
c) Branching of the alkyl at the carbon atom adjoining the oxygen
leads to loss of activity.
d)

If one of the 4-alkoxy groups is replaced by a halogen or

dialkylamino substituent, activity is maintained.
e)

Replacement of both 4~oxy groups by either halogen or

dialkylamino substituent causes disappearance of activity.
£)

Replacement of one allroxy group by hydrogen causes a decrease

in activityo
g)

2- and .3- position isomers are inactive.

h)

A second substituent in the ring destroys the activity.

9
i) An additional substituent on the ureido nitrogen destroys activity.
j)

The thiocarbanilide moiety is necessary, since corresponding

carbanilides, guanidines, guanylthiourea, dithiobuirets, and cyclohexylsubstituted thioureas are inactive.
It is believed that the metal chelating properties of the
thiourea portion of the

4,4 1-substituted

N,N 1 -diarylthioureas is in part

responsible for the tuberculostatic activity.

To be active, the com-

pound must have physical characteristics such that the coefficients of
partition between aqueous and fatty phases are favorable to penetration
22
jnto the tissues and into the bacilli themselves.
Since 19)3, nru.ch jnvestigation has been carried out in this
field.

Several series of compounds showing good antituberculosis acti-

vity will be mentioned.

A series of derivatives of p-amino salicyclic

acid have shown antituberculosis activity. 23 These compounds have the
general f ornru.la

1 IQ\.'I

SH
R)N-C-N
R'

O

--

'\ C-OR"

OH
where R and R1 are hydrogen, and R11 is ethyl, propyJ, butyl, allyl,
cyclohexyl, phenyl, o-methylphenyl, p-methylphenyl, o-chlorophenyl or
m-chlorophenyl.
Another interesting series of compounds is the thiourea derivatives of sulfanilamide which were prepared by Viswanathan and Iyer.

24

10

The general structure of these compounds is the following:

R is

p-chloro~,

bromo-, or iodophenyl; o-, m-, p-tolyl; allyl; iso-

propyl, 2,4-; 2,5-d:i.methyl phenyl; p-methoxy phenyl, or methyl.
Huebner and Scholz 25 prepared a series of compounds having the
general structure:

R is ethoxy, propoxy, butoxy, amoxy, or isoamoxy.

It was found that

replacement of one alkyl group on the amino nitrogen with a hydrogen
atom or shortening of the R from ethoxy to methoxy caused loss of
activity.

3. Anthelmintic Activity
AntheLmintics are therapeutic agents which are used to rid the
body of parasitic worms known as helrninths.

These drugs are of great

importance because.helminthiasis is the most.common disease in the
26
world. It is estimated that approximately 800 million people are

11
hosts to various types of worms.

It should be emphasized that parasitic

worm infestation is not restricted to tropical climates.

About 40 mil-

lion Americans are believed to be infected with some type of parasitic
worm.

27
.

.

Usually the helminth infections are acquired by contact with:

28

(1) infected animals, (2) ground contaminated by human or animal excrement, (3) water infested with cercariae, or (4) ingestion of infected
meat.
Anthelmintics are referred to as 11 vermicides 11 i f they kill the
worms or as 11 vermifuges 11 i f they affect the worm in such a manner that
it is expelled from the intestinal tract,
An effective

a~thelmintic

should meet the following require-

ments:29
a)

The drug should reach the infested portion of the intestine with

a minimal degree of absorption.
b)

It should be more effective against the invad:ing helminth than

the mucous membranes of the gastrointestinal tract.
c) The drug's systemic toxicity should be minimal if absorbed from
the alimentary tract.
d)

The drug should be inexpensive.

e)

The drug should be tolerated orally without symptoms.
Unfortunately not all of these requirements are met by the anthel-

mintics available at the present.
About 1916, several patents were issued for derivatives of
thiourea which were claimed to be destructive against

~anosomeS:O, 31, 32..

12
These compounds were prepared by heating thiophosgene with amino acyl
derivatives of two different aromatic amino acids.
amino acids was of the naphthalene series.

At least one of the

In 1933, a series of com-

having the general structural formula

Pounds

(Ar-NH-X 1 -NH-X"-NH) -C•Y

a

were claimed to have anthelmintic properties. 33 Ar is phenyl or
naphthyl, X1 and

xn are

Closely related to
ture::

~he

hetero~yclic

nuclei and Y is oxygen or sulfur.

above compounds is a series having the struc-

34

These were claimed to be effective against blood parasites.
A series of compounds showing remarkable vermicidal action was
reported in 1953.

The general structure was:35

13

R

Vermicidal
Activity

C6H5-

x

o-HO-c6H4-

x

p-HO-C6H4-

x

2,5,-HO-(CH3o2c)c6H3-

x

o-CH30-c6H4o•CHJ-c6H4-

x

o-,:m-CH3o2c-c6H4o-C2H5°2C-C6H4-

No Vermicidal
Activity

x
x
x

x

p-G2H502C-C6H4m-02N-C6H4-

x

o-H2N-C6H4-

x

m-02N-C6H4-

x

~N-C6H4-

x

4,3-CH3(NH2)-C6H3-

x

p-Cl-C6H 4
p-Br-C6H4-

x

C6H5CH2-

x

x

This series of compounds was examined using earthwormso
Thiourea derivatives of aromatic heterocylic compounds with a
quaternary nitrogen in the nucleus are said to have anthelmintic activit Y•

36

14
It is ·interesting to note that piperazine was used early in the
twentieth century for the treatment of gout. During World War II when
over 15,000 cases of filariasis occurred in American· military personnel
in the islands of the western Pacific, a derivative of piperazine -was
found to be an excellent antifilarial.

This compound is called Hetra-

z~e (V) (diethylcarbamazine),37

(Hetrazane)

and it is used clinically today. The piperazine derivatives are the
most promising antifilarials known today.
1-Naphthylthiourea (VI) has been

HS
'.
N-C-NH

"

/l

2

~

~
(VI)

found to be effective against intestinal parasites in man, dogs, cats,
. 38
and rabbits.
The 2-analog and also dinaphthylthiourea are not
effective.

15
The ultimate test of anthelmintic activity is the ability of the
drug to eliminate worms from a specifically parasitized animal with a
minimum toxic effect to the host.

At one time, a suitable in vitro test

was considered a useful screening method.

At present however, in vivo

screening is the method preferred and used.39

4.

Rodenticidal Activity

Thioureas have been found to possess activity suited to the control and elimination of rodents.

It is interesting to note that most of

these compounds were found to have rodenticidal activity when they were
being tested for other pharmacological effects on animals.

l-Naphthyl-

thiocarbamide, previously called l-naphthylthiourea, was discovered to be
highly toxic to rats
roid drug.

40 when it was being tested as a possible antithy-

The test rats which received this compound, even in

extremely small doses, died quickly.

1-Naphthylthiourea (VI), now

ANTU
(VI)

called (ANTU) is used as a rat poison and its success is due to the fact
that it is much more toxic to rats than to cats and dogs.

The following

table shows the mininrum lethal dose of ANTU for various animals:!D.

16
HIND>Mf ID 5.0 OF Al.'1TU

Animal.

15

wild rat

mg./kg.

guinea pig

100 mg./kg.

mouse

120

cat

1.50 mg./kg.

dog

,500

mg./kg.

fowl

1000

mg./kg.

mg./kg.

Rats and dqgs die of pulmonary edema, caused by a selective effect on
the capillaries of the lungs 42 and a resulting permeability with huge
amounts of fluid in the lungs, and
fatty livers.

AN~U

p~eura. Cats and fow143 develope

can be used effectively as a rodenticide by mixing

ten grams of pulverized material with

50

gms. of powdered sugar and

400 gms. of flour.44 A little cream or lard can be added to make a bait
much more inviting than the dry powder.
Rats fed a diet high in iodine at least six hours before injection of ANTU withstood high doses of the poison.4.5 Pretreatment of rats
with L-cysteine (VII), DL-homocysteine (VIII), cysteamine (IX),
N-methyl-,N,N-dimethyl, or N,N-diethylcysteamine (X) al.so prevents toxic
effect of ANTu.46

17
HO

H 0

HS-CH2 -cH 2-¢-~-0H

HS-CH2-9-B-0H

NH2

NH2

(VII)

(VIII)

(IX)

(X)

Certain thioureas with antithyroid activity also protect rats from the
toxic effect of ANTU.

These are thiourea, phenylallylthiourea, N-ethyli-

denethiourea (XI), and isopropylthiourea.

s
cH -CH•N-B-N-H 2
3
(XI)

l-Ethyl-1-phenylthiourea, ethyl-, and butylthiourea also are effective.47
Certain specifications have been suggested for the structure of
rodenticidal thioureas.

A study of 196 compounds showed that a single

aromatic radical attached to one nitrogen caused increase in toxicity.
Two or more substituents on one or both nitrogens or a substituent on
the sulfur decrease the toxicity.

48

· Compounds having the general structural formula

s

R,
"
/N-C-NH
2
R'

18
where R is hydrogen or a low aliphatic group with six or less carbon
atoms, and R' is an aromatic group of molecular weight of at least 100
so that the molecular weight of the entire compound is at least 175 are
claimed as rodenticides.
The following table shows the solubility of several of these compounds in water and also the minimum toxic dose.49

R'

1

~

2

3

'/

Compound number

R

solubility gm./cc water

H

12

2-4

H

2.8

1-2

H

2.8

1-3

H

250

1-2

4 (phenylthiocarbarnide)

because its taste is revolting to rats.

toxic dose mg.

is unusable as a rodenticide

19
Several other thioureas having rodenticidal activity are
1,3 bis(2,4,6-trichlorophenyl} thiourea (XII), l-methyl-3-phenylthiourea
(XIII), and morpholinylthiocarboxamide (XIV).SO

(XII)

(XIII)

(XIV)

5.

Antibacterial Activity

Thiourea has a definite inhibitory action on the developement and
1
vitality of pathogenic organisms.5 It has been found effective only at
52
concentrations greater than 1.25% when test~d in mil~, lactose preparations, and sucrose solutions.

Reaction products of thiourea with heavy

metal salts such as HgC1 2 or a salt of Pb, Cd, Zn,

Ae,

or Cu are used as

disinfectants.53 Hercurated phenylthioureas are unstable to heat and
light and were not tested for bactericidal action.5 4

20
The following series of compounds were tested for bacteriostatic
activity against Mi.crococcus pyogenes aureus.5.5

-R'
Max. diln. against MPA

R

3,4-dichloro

3-chloro

1-10 million

3,4-dichloro

3-bromo

1-1 million

Cl-~

Cl-0

R'

R
H

3-hydroxypropyl

H

4-chlorophenyl

H

3-chlorophenyl

H

phenyl

H

3-bromophenyl

H

3,4-dichlorophenyl

H

2-Thenyl

isopropyl

allyl

isopropyl

2-propynyl

21
The compounds listed showed considerable activity on the (MPA) organism.
Antibacterial activity has been reported in various other types
of thioureas.

An aromatic, heterocyclic or aromatic-heterocyclic amine

containing an aminoalkyl side chain when incorporated into a thiourea
shows specific bactericidal action for the germ causing contagious abortion in cattle.56
From a study of twenty-three arylthioureas, it was found that
2-HO-C6H4NH CS

N~

was the best compound for preventing mold on soy

sauce.57 Some l-aryl-3-allylthioureas have been reported to be effective against bacterial :infections.58
Isothiourea substituted by a high molecular weight alicyclic
radical on the sulfur atom make very effective disinfectants for pathogenic organisms.59 Some guanyl and biguanyl compounds such as
S-dodecylisothiourea (XV) and S-dodecyloxymethylisothiourea (XVI) have
60
strong bactericidal activity.

(XVI)

(XV)

These compounds also have wetting, frothing and dispersing properties
which make them useful as disinfectant cleansing agents.
An extensive study of the

antibact~rial

isothioureas having the general structure 61

activity of substituted

22.
~NR'

R-S-C

'mm•

was carried out in 1952.

•HX

In the above fornro.la, R represents a straight

chain alkyl group of 10-16 carbon atoms and R' ranges from hydrogen to
n-butyl.

It was shown that germicidal activity increased with the

length of the S-alkyl chain reaching a maximum with the dodecyl derivatives.

The greatest activity was obtained with the dimethyl_ and diethyl

dodecyl derivatives.
Some thiourea derivatives possessing high antituberculous activity62 were also found to have significant activity against some types
of fungi and actinomyces.
6.

Insecticidal Activity

Thiourea and many of its derivatives have been found to have
insecticidal activity.

Thiourea, phenylthiourea, allylthiourea, and

tolyl-thioureas show considerable insecticidalpower on larvae and
adults of various strains of Drosophila melanogaster. 63 S-Benzyl-1- ·
(1-naphthyl) isothiourea (XVII) is effective against Altogenus picius

(XVII)

23
and Tinia pellionella.

64 l~odecy1·~ and. 1,3-didodecylthiourea are

toxic to the flesh fly larva.6?
A German patent has been issued for compounds of the general for·mula RNHCSNHR 1 , where Eis alkyl, cycioalkyl, aralkyl, or aryl and R' is
an acid residue, for the protection of wool, furs, and hair from insects.
Examples of these compounds are phenylvalerylthiourea (XVIII) and

.

phenylcaproylthiourea (XIX).

66

(XVIII)

(XIX)

N-allyl-N'-(4 chloro-2-methyl-phenyl) thiourea (XX)' is claimed to be
effective in the control of the Japanese beetle and the Hexican bean

.

s . yi13

H11ij~

CH 2 =CH-CH 2 -l~-C-l~ ~· -Cl
(XX)

beetle. 67
The application of thioureas to plant dusts and sprays has been
investigated.

A suspension of symmetrical diphenylthiourea and starch

in water has been found to be an effective plant spray. 68 A mixture of
symmetrical diphenylthiourea and sulfur is used to dust cotton and
potato plants. 69 Thiourea plus a copper salt, with or without

24
arsenicals, is used as a dusting powder. 70 Rust on cereals is destroyed
by treating the young grain with compounds such as thiourea and substituted thioureas. 71 Thioureas which are said to be good surface active
insecticides are those N-substituted derivatives which (1) contain

an

open chain aliphatic group having at least eight carbon atoms, and
(2) contain a radical which has a water-solublizing group attached.
Examples of this group of compounds are N-dodecyl-N 1 -(p-sulfophenyl)
thiourea (XXI) and N-dodecyl-N 1-(B-sulfoethyl) thiourea (XXII). 72

H

8

H~q

··

C12H25-~-3-*~~\-03H
(XXI)

(XXII)

The dangers of cancer formation resulting from the presence of
thiourea or its derivatives leads one to question the use of these compounds as dusts and sprays.

Feeding tests with rabbits show that

thiourea is not harmful in the concentration that would be found on
73
fruit which had been treated with it.

7. Hypnotic and Anesthetic Activity
Thioureas of the general formula

25
have been prepared and patented as hypnotics suitable for use as local
or general anesthetics. 74 In this series, the patent specifies those
compounds in which R represents an alkyl or alkenyl radical having less
than eight carbon atoms, R' and R" represent hydrogen or an alkylalkanyl radical of less than eight carbon atoms, and R1"

represents an

alkyl radical having from one to eight carbon atoms.
Other compounds are reported to have local anesthetic properties.
These compounds are disubstituted thioureas into which a benzothiazole
moiety has been introduced. Examples of this series are l-phenyl-3(benzothiazolyl-2-) thiourea (XXIII), l-allyl-3-(6-nitrobenzothiazolyl-2-)
thiourea (XXIV), and 1-phenyl-3-(6-chlorobenzothiazolyl-2-) thiourea
(:XXV).

The activity of these compounds is comparable to that of pro-

caine (novocaine). 75

sH
C6H5-~~..3-i-'H

I
S

(XXIII)

-NO

(XXIV)

-Cl

2
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A group of pseudothiuronuim salts having high local anesthetic
activity has been prepared. Sulfur substituents in these salts include
2-aminoethyl (XXVI), 2-(1-piperidyleth!l) (:XXVII), 2-(4-morpholinylethyl} (XXVIII), and 2-dibutylaminoethyl (XXIX) groups. 76

· (XXVI)
1

N

~N-B-s-CH 2 -CH 2 -N-(C H ) 2

49

(XXIX)

In a homologous series of 1-aryl and l-alkyl-3-arylthioureas,

hypnotic effectiveness increased with increasing molecular weight. 77
Some guanylthioureas were also found to have analgesic action.7 8 Some
of these guanylthioureas were powerful but toxic antipyretics. Others
proved to be of value and were used for.nru.scular rheumatism during the
1930 1 s.
8. Miscellaneous Properties
other biological properties of thioureas have been noted and
investigated.

Thiourea inhibits oxygen utilization in all organs except

the heart and it is a general cell antioxidant and makes less energy
available for the cell for synthesis. 79 1-lhen used for a long period of
time, thiourea caused thyroid tumors, some of which were malignant. 80

AUylthiourea may be considered to act as a co-carcinogen. 81 In some
specific experiments, thiourea was found to inhibit malignant growths in
82 83
mice. '
4,4'-dia.minodiphenylthiourea (XXX)

_11\\_H SH.

JYl~N-1\..N~
(xxX)

sar~oma.84 Thiourea affects the bone

showed inhibitory effect in·mice
marrow of rats. 85

Thioureas have a definite effect on blood pressure of animals,
but no generalizations can be made because the effects vary with the
test animal used and compound being tested. Thiourea causes marked
vasodilation in the frog. 86 M~thylisothiourea has an :rD50 of 300 mg./kg.
and increases the blood pressure of dogs and cats, decreases blood pres.

.

sure in rabbits, enhances histamine action, and lowers.blood sugar.87
Be~zylisothiourea which has an LD 50 of 60 Iiig./kg., has variable action
on blood pressure depending on the dose and route of entry. It has

antihistamine action and also lowers blood sugar.

A study of 93

isothioureas showed that a fall in blood pressure and heart rate and
88
inhibition of respiration generally result. from the use of these compounds.
The antiphenoloxidase or antityrosinase activity of thioureas
is based on the fact:that the thioureas form complexes with copper, the

.
. 8
.
metal component of the enzyme. 9 Phenyl-, p-phenetyl-, and

28
p-butoxyphenylthiourea are excellent inhibitors.
Thioureas were tested as possible ant:ilnalarials,90, 9l, 92 but
they have been found ineffective.

Use of thioureas for protection

against x-ray radiation has been tried.

Thiourea protected mice from

the lethal effects of Roentgen ray irradiation.93

Allylthiourea offers

no protection and it seems to hasten th~ lethal .result of the radiation. 94
1-iethylisothiourea increases the tone of smooth nru.scle 95 and
possesses anticurare activity.96 Compounds of the type

where R is an alkyl or aralkyl group and R1 is an alkylene group are
claimed to possess cardiovascular, diuretic, and chemotherapeutic activity.97
.
in

Antiacetylcholine and antihistamine activity has been observed

severa1 th•ioureas. 98
B.

Non-Biological Properties of Thioureas
1.

Applications :in Photography

Thioureas have varied usage in photography.
potassium ferricyanide99 has been used as a reducer.

Thiourea with
It has been used

to.produce blue tones on gold chloride paper, as a developer in mercury
intensification, and as a fixing agent.

A solution containing thiourea

29
and potassium carbonate100 has been suggested as a substitute for the
sulfide solution used in sepia toning.
is used as the

11

In alkaline solution, thiourealOl

redeveloper 11 for direct positive paper.

Low molecular

weight substitution products of thiourea have been considered as substitutes for sodiu.m thiosulfate fixing baths, 102 but have been found
undesirable.

Emulsioos are sensitized by thiourea and aJ.rylthiourea, l03

and these plus diallylthiourea serve as suitable ripening accelerators. 104
N-diethanol-N'-aJJylthiourea (XXXI)l05 is used in bleaching-out layers as

(XXXI)

a "sensitizer.11 Thiourea or an aryl thiourea is used in wall paint or
106
enamel for rooms :in which photographic emulsions are prepared.
2.

Applications as Inhibitors

Metals, particularly iron, and steel alloys are protected against
the attack of inorganic and organic acids by thiourea or its aryl or
107
.
.
all0Jl derivatives.
At a concentration of 50 mg/L of 0.1 Normal
108
.
hydrochloric acid, thiourea
shows maximum inhibitory action on steel.
Methyl; ethyl; and o-, m-, andp-tolylthiourea inhibit dissolution of
mild steel by sulfuric acid. 109 Thioureas have been found to both
accelerate and inhibit dissolution of iron and mild steel in acid•
Acceleration is attributed to hydrogen sulfide which is produced by
cathodic reduction of the thioureas.

Inhibition is considered to be

30
predominately the result of retardation of the anodic proce.ss. 110 The
111
rate of solution of aluminum in acid is decreased by thiourea,
but
thiourea has very little effect on the rate of solution of aluminum in
.
112 Thiourea also retards corrosion of aluminum by potassium
alkalies.
.
113
chloride.
Considerable work has been done with thioureas and their effects
on rubber. Thiourea derivatives114 are used as vulcanization accelerators.

It has been found that electropositive groups on diarylthioureas

increase vulcanization activity while electronegative groups decrease
115
the activity.
A mixture of 8~ percent tetrabutylthiuram monosulfide,

5 percent

tetrabutylthiourea, and
116

short curing time to rubber

15

percent tetrabutylurea gives a

da~er

without

of precuring.

Compounds having the general structural formula

R,

n'

~ .,...R 1

N-C-N

'Rn

were prepared and were found to stabilize elastomers against attack by
oxygen or ozone. 117 R is alkyl, aryl, hydroxyphenyl, or aminophenyl;
R' is hydroxyphenyl or aminophenyl; and R11 is hydrogen, alkyl or aryl.
Several compounds used as antioxidants in the aging of rubber have been
prepared and found useful. N,N 1-bis (p..dimethylaminophenyl) thiourea
(XXXII); N-phenyl-N'-(p-dimethylaminophenyl) thiourea (XXXIII), N-phenyl•
N'-(p-hydroxyphenyl) thiourea (XXXIV), and N,N'-bis (p-hydroxyphenyl)
118
thiourea (XXXV) are useful rubber antioxidants.

31

s

Q)-t~J-Qoo
(XXXIV)

to0}NL1-~j2
(:XXXV)

Compound (XXXII) showed mu.ch better protection against oxidation of
rubber than did o-phenylenethiourea (XXXVI) or l,3-d.iphenylthiourea. 119

(XXXVI)

Thiourea, in concentration of 0.01%, can be added to distillates
such as gasoline or kerosene to prevent discoloration or gum formation
during storage or handling. 120 Diphenyl thiourea is used as a color
121
stabilizer of cracked hydrocarbon distillates.

Thioureas protect soap against deterioration resulting from
oxidation and further stabilize the soap against discoloration in
122
Aryl substituted thioureas are superior to the alkyl sublight.
stituted compounds. Thioureas also inhibit oxidation of tung, stillingia, and linseed oils. 12.3

3. Applications with Textiles and Dyes
Thiourea is used to improve the color fastness in dyeing acetate
rayon. 12 4 It causes a swelling of cellulose fibers in water125 and
causes an increase in swelling of these fibers over that shown by
126
sodium hydroxide alone.
S-Dodecylisothiourea chloride127 or a like
compound, and the condensation products of chloroacetic esters with
128
thiourea
are constituents of textile assistants. These are used with
other materials such as detergents and dye baths in compounds for
treating animal, vegetable, and artificial fibers and serve to improve
their action.

The reaction product from thiourea and 2-hydroxy-5chloro~ethylbenz oic acid129 serves the same purpose. Ar-Tetrahydro-1-

and -2-naphthyl thioureas are used as intermediates for the preparation
of safety-paper· chemicals and dyes130 and p-fluorophenylthioureas are
.
d.iates. 131
used as dye mterme

Reaction products with thiourea have found wide usage in the textile industry.

Reaction products of thiourea with a chloromethyl2
substituted arylaminoanthraquinone;-3 a chloromethyl carboxylic acid
133
ester, or a chloromethyl thio ether
are valuable aids in improving
dyeing of cotton and similar cellulosic materials.

Products used as

33
wetting, emulsifying, foam-producing, equalizing or softening agents, or
for _increasing the fastness of dyes to water are formed by reaction of
thiourea or an alkyl, aryl, or aralkyl thiourea with a formaldehyde
derivative of the general for:rnula: 134

R is an organic radical containing at least 13 carbon atoms and X is
oxygen or sulfur.

The reaction product of thiourea with formaldehyde

is blended with such materials as alkyl resins, varnishes, cellulosederivative lacquers, oils, waxes, natural resins, plasticizers, pigments, dyes, and fillers to facilitate their action. 13 5 The reaction
. of thiourea with symmetrical -dichlorodimethyl ether gives a product
used to prevent the shrinkage of textiles in washing.

Treatment of

formanilide with sym. dichloromethyl ether and subsequent reaction of

136

this product with thiourea

gives a surface-active agent which

increases the affinity of fibers for acid dyes.
~gents

Other surface-active

can be prepared by reacting bis-halomethyl compounds with a

thiourea. 137
Certain polythioureas prepared from diamines have valuable fiber
forming properties.

138 139
'

4.

Miscellaneous Applications

Thioureas have been suggested for many uses: for preparation of
140
·hardened molding resins,
for condensing with ligninsulfonic acid to

34
give products suitable for molding, 1 41 for binding layers in plywood
preparation, 142 as a substitute for cyanide baths in silver plating, 143
as a ferroelectric, 144 and as an aid in the electrolysis of water. 145
Thiourea is used.in the flotation of sulfide ores.146, 147, 148 An
increase in the viscosity of shellac varnish is caused by addition of
thiourea. 149 It was hoped that this would increase the hardness, resistance to abrasion, adhesion, and elasticity of the varnish, but the
films cracked and chipped off.
Thiourea is used in separation techniques in the petroleum and
fat fields. 15° It forms addition products with saturated and unsaturated fatty acids and their monoalcoholic aliphatic esters; but not with
triglycerides and oxidized fatty acids.l5l, 152 The following separations are thus possible:

l) triglycerides from fatty acids, 2) oxidized

from non-oxidized fatty acids, 3) chaulmoogric acid from straight chain
acids, and 4) fatty acids from turpentine pine resinous acids.

A con-

tinuous separation process of hydrocarbons makes use of thiourea,153, 154
and thiourea is added to petroleum fractions to prevent gum formation
during transfer and storage.
In the academic field thioureas are of great value in identifica-

1
tion of organic compounds and many elements. 55 Amines readily form
sharp melting substituted thioureas when reacted with an isothiocyanate.
Organic acids yield crystalline pseudothiuronium salts which have sharp
melting points.

2-Naphthylthiourea can be used in identification of
cobalt, copper, nickel, bisnmth, lead, cadmium, and mercury. 1 56 Thiourea
or its derivatives are useful :in analysis of the following elements:

35
selenium and tellurium, 1 57 ruthenium and osmium, 1 58 zinc, 159 phos.
161 molybdenum, 162 iron,
.
163 and antimony.
.
164
phorus, 160 aluminum,

IV..

METHODS FOR THE PREPARATION OF THIOUREA DERIVATIVES

A.

Carbon disulfide and an Amine

The reaction of carbon disulfide with a primary amine is the
method used for preparation of symmetrical disubstituted thioureas.

The

overall reaction can be written in the following manner:

(1)

This single equation however does not show the complete reaction.
Schroeder165 has studied the conflicting experimental theories of this
reaction and has presented the most reasonable course for the reaction:

RNHz + cs 2
H

sII

R-N-C-SH

+

RNCS

2RNH

2

t-

+

:>

heat

s
ti

(2)

-C-sH

~LJ-~RHJJ+

RNH 2

[RNH~Tnmr

j
R

)

RNCS

+- RNH2

+H2S

sII

) R-NHCNH-R

RNHz.

cs2

>

H sII H
R-iJ-C-N-R

+

(3)

(4)
(5)

H2s

Primary amines react with carbon disulfide to give 1,,3-disubstituted
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thioureas, but secondary amines do not react to give the tetra-substituted
thioureas.

There nmst be an available hydrogen in the moiety

in equation (4) for the reaction to proceed.

[rum~-S

J-

With secondary amines, this

hydrogen atom is not present and the reaction will not proceed.

The fact

which proves the existence of the isothiocynate in equation (4) is the
isolation and identification of thiourethans from the reaction mixture.
when alcohols are used as solvents.
The reaction is carried out in an alcohol or benzene solvent166
using two moles of amine and excess carbon disulfide.

The reaction mix-

ture is refluxed and the final product usually crystallizes out of the
reaction mixture because of its low solubility.

The reaction is slow

and several ways have been found both to accelerate the reaction and
improve the yield.
1.

These ways are:
Addition of sodium or potassium hydroxide

Sodium or potassium hydroxide is added to accelerate the removal
168 169
of the hydrogen sulfide. 167 '
'
The overall reaction with primary
arylamines is: 170
2RNH2

+

cs2

+

(6)

2NaOH

Either alcoholicl7l or aqueous

172

sodium hydroxide can be used.

The

objection to using alcoholic sodium hydroxide is the possible formation
.

of the thiourethan.

.
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2.

Addition of Sulfur

Adding a small quantity of sulfur to the reaction of an amine
with carbon disulfide has been found to accelerate the reaction.173,171.i,175
The difficulty here, however, is the separation of the sulfur from the
final product.

3. Addition of Iodine and Pyridine
In 1913, pyridine was found to accelerate the reaction of carbon

disulfide with a primary amine by forming an unstable addition compound
with hydrogen sulfide. 176
,,H
;:::====.Ci:'Hr:'N

;; ;; 'SH

Thioureas of
procedure.

o-,

(7)

m-, and p-chloro aniline can be prepared using this

Better results are obtained when the calculated amount of

iodine is added to the solution of the amine, carbon disulfide and pyridine.177

The iodine reacts with the hydrogen sulfide in the following

manner::

--...,,) 2HI

+

S

(8)

The liberated hydrogen iodide reacts with the pyridine to give pyridinium iodide
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(9)

which is insoluble in carbon disulfide and prevents reversal of equation (8).

The overall reaction can be written as

follows~

The ratio of reactants giving best results is 2:1:4 with respect to
amine, iodine, and pyridine.

If a 1:1;2 ratio is used, there is the

possibility of f?rming the isothiocyanate.

:) mws +

2C5H5N. HI

+ s

(ll)

After reaction is complete, which is indicated by disappearance
of the iodine color, the pyridine and carbon disulfide are removed by
steam distillation.

The pyridinium iodide is removed by washing with

water •. The desired product is then purified by recrystallization.
The addition of iodine and pyridine greatly promote the reaction
when halo-substituted aromatic amines are used.

The pyridine has an

advantage of not lending itself to the f onnation of substituted amines
or amides by interaction rdth halogen substituted derivatives. 178 The
relative reaction rates of halo-substituted anilines were found to be
o) m ) p and I

>Br > ci. 179
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4.

Addition of ethyl potassium xanthate

A small quantity of ethyl potassium xanthate catalyzes the reaction of carbon disulfide with a primary amine.180, 181

B. Thiophosgene and an Amine
The action of carbon disulfide and alcoholic alkali on a primary
aromatic amine yields 1,3-disubstituted thioureas.
reaction, however, is not applicable if the

This particular

a~omatic

ted in the nucleus by nitro, or hydroxyl groups.

amine is substitu-

Poor yields are

obtained when substituted aromatic amines are used.

Separation of the

desired product from the reaction mixture is difficult when substituted
aromatic amines are used in the reaction. 182 To eliminate these difficulties, the reaction of the substituted aromatic amine with thiophosgene is then used.
Primary amines can react with thiophosgene to give two products.
The primary product is a thiocarbamyl chloride as in equation (12).

--~> RNH •

CSCl

+ HCl

(12)

This carbamyl chloride, in the presence of water, normally loses hydrogen chloride yielding the corresponding thiocarbimide (isothiocyanate)
as in equation (13).

rum• CSCl ---> RNCS

+ HCl

(13)

vJhen inhibitory groups are present, the thiocarbamyl chloride loses
hydrogen chloride with great difficulty and reacts with a second molecule of the amine to give the symmetrical-diarylthiocarbamide as in
equation (14).

(14)

With 2,4,6-tribromoaniline, inhibition of equation0.2)occurs.

If

2,6-dichloroaniline is used, no reaction l-ffiatever takes place.

Methoxy

and ethoxy groups ir.hibit equation (12) slightly and nitre groups: completely inhibit equation (12). 183
Secondary amines give only symmetrical thioureas.
18
of these reactions has been explained as follows: 4

R..~ 'NH +

CSCl2

The mechanism

---~ ~ 'NHClcsclJ - - - 4 RR 1NCSC1 +

HCl

(15)

(XXXVII)

Compound (XXXVII) reacts in the following manner if R' is not hydrogen
or if R' is hydrogen and (XXXVII) is stable:

s
RR 'NCSCl

+

RR 'NH

--->

RR' -N-B-N-RR I

+

HCl

VJhen R' is hydrogen and (XXXVII) is unstable, the following reaction
occurs:

(16)

RNHCSCl

--~

rums + rurn 2

rurcs +

--~>

HCl

RNHCSNHR

(17)
(18)

Proof of this mechanism lies in the fact that compound (XXXVII)
have been isloated and identified in many reactions even when R1 is
hydrogen.

If a 1:1 ratio of secondary amine to thiophosgene is used,

the reaction stops at the thiocarbamyl chloride stage and (XXXVII) is
often stable.
Preparation of the thioureas is best carried out by refluxing
two moles of amine with one mole of thiophosgene. This reaction can be
carried out in an aqueous acetone medium; 85 in chloroform-aqueous
medium, 186 or in aqueous mediu...m.

18

7

After complete reaction of the thiophosgene, a mole of potassium
carbonate is added and the reaction mixture is heated for several additional hours.

Separation and purification of the final product is car-

ried out in a manner appropriate to the particular compound. 188
As was stated in the first paragraph of this section, thiophosgene is used only when other methods of preparation fail.

The dangers

of using thiophosgene limit the use of this method.

c.

Organic Isothiocyanate and an Amine

The reaction of an organic isothiocyanate and an amine in a
suitable solvent is the most common method for preparing unsynnnetrical
thioureas.

The reaction follows the general equation:

~cs+

Am.~onia,

R'
: N-H
R11

HS

----~ R-l'1JJ-N

1

R'

(19)

'R 11

primary amines, or secondary a.mines may be used, and R, R', and

R11 may be aliphatic, aromatic, alicyclic, or heterocyclic.

R may also

be an acyl group.189 Mono-,190, 191, 192 di-,193, 194, 195, or trisubstituted thioureas are produced when annnonia, a primary amine, or a
secondary amine respectively are used.

The amine is usually added to

the isothiocyanate :in a solvent such as alcohol or an inert solvent.
Cooling may be necessary to control the reaction and refluxing may be
needed in some cases to facilitate the reaction.

The thioureas obtained

are usually sharp melting solids, and for this reason the reaction is
used in the characterizing of amines. 1 96, 197, 198, 199, 200, 201, 202, 203
The characterizing of isothiocyanates by conversion to a thiourea with an
204
.
amine is also practiced.
The speed of reaction of aryl isothiocyanates with an amine varies
depending on the nuclear substituent in the ring.

Halogen, nitro,

m-methoxy, and m-ethoxy groups on th.e aryl ring a?celerate the reaction.
Alkyl, o- and p-alkoxy groups retard the reaction.

The nitro group is

the most active accelerator and the isopropyl group is the most active
. h"b"t
l.Il
1 1 or. 205
The reaction of an organic isothiocyanate with an amine can be
reversed by boil:ing with concentrated hydrochloric acid or 40% sulfuric
acid.

44
H 5 H

RllCS
H ~ H

+

R 111JH2

--~> R'-N-C-1'~-R

- [ HCl ~P..NCS

(20)

+ R NH2 • HCl
1

R1 -N-e-~~-R

(21)

~H?sor~RNCS + ~'NH~ 2

• H2S04

The hydrolysis products are actually mixtures of the two isothiocyanates
.
and a!TlJ.!1e
s alt s. 206
Several undesirable reactions may take place, but these can be
partially eliminated.

Thiourethan formation, according to the following

equation, results when alcohols are used as solvents when long reflux
.
207
periods are required.

rows

+

_,SH
--->RNC
R'OH
'OR'·

H

sII

AA-C-OR'

(22)

This undesirable reaction may be eliminated by using inert solvents such
as benzene, chlorobenzene, or toluene.
solvent.

Pyridine has also been used as a

208

In addition to the thiourethan formation, the following exchange
reactions may take place.

209, 210

(23)

(24)
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D.

Alkali Thiocyanate and an Amine Hydrochloride

Heating ammonium thiocyanate at 16o 0 c for several hours causes it
.
211
t o rearrange t o th iourea.

s

rn:
2 hrs.
"
N 4SCN 1600C ) NH2 C-NH2

(25)

Substituted ammonium thiocyanates likewise rearrange on heating to the
'
d.ing th•ioureas. 212
correspon

s
RNH3SCN

heat

> R-lrn-3-NH2

(26)

The reaction will proceed with the mono- or disubstituted ammonium ion,
but not with tri- or tetrasubstitution.
The reaction involves addition of hydrochloric acid or hydrogen
chloride gas to form the amine salt and then heating with ammonium or
.
th•iocyanat e. 213
pot assium
R

~NH

R'

+ HCl +

R

) 1'Il!4Cl

NH SCN

4

+ ; NH2SCN

(27)

R'

R

S

heat ~ _::-NH-3-NHa
R'

(28)

·\

Use is made of this reaction to prepare l-mono-substituted2l4, 215, 216, 217

.
and 1,1-disubstituted218 ' 219 thioureas.

The reaction can be carried out

. an mer
.
t organic
. sol vent • 221 Ch.lorobenzene
in an aqueous medium220 or in

46
is usually the organic solvent used and both methods are applicable to
aliphatic or aromatic amines.
E.

Thioureas and Organic Halides

Thioureas react with alkyl, acyl, aralkyl, and heterocyclic
halides to give thiourea derivatives. When acyl halides react with a
222
thiourea, S-acylation occurs first
as in the following reaction of
acetyl chloride with 1-phenylthi.ourea:

(29)

The free base of the reaction product on standing at room temperature or
on being heated, rearranges to the N-substituted derivative as in equati.on (30) or (31).

(30)

(31)

In some reactions, the rearrangement from the S-substituted derivative

47
to the N-substituted derivative is spontaneous and requires no heat or
period of standing. When S- alkylisothioureas are heated with an acyl
223, 224
halide, an N-acyl-S-alkylisothiourea results.
Reaction of alkyl, aralkyl and heterocyclic halides with a
22
226 22
thiourea give a stable S-substituted ~sothiourea. 5,
'
7

(32)

R is an alkyl, aralkyl or heterocyclic group and X is either iodide or
bromide.

Alkyl chlorides are less reactive and the reaction does not
.
228
give good yields when chlorides are used.
The reaction of alkyl,
aralkyl, or heterocyclic iodides or bromides with a thiourea is the
common method for preparation of isothioureas.

4-Phenyl-1-piperazine-N-ethylthiocarboxarride

A solution of 5.0 g. (0.054 mole) of ethylisothiocyanate in 20 ml.
ethanol was added slowly to a solution of 8.1 g. (0.050 mole) of irphenylpiperazine in 35 ml. ethanol and the resulting mixture was refluxed
for 15 minutes.

m•

On cooling and filtering, 10.0 g. of crude product,

p. 130-133°, was obtained.

This product was recrystallized from

30 ml. of hot ethanol and 8.2 g. (66%) of crystalline title product,
m. p. 130-133°, was obtained.

Calculated for

c13_Hi9N3S:

titratable N,

5.61%. Found 5.69%.
4-Phenyl-1-piperazine-N-butylthiocarboxaniide
A solution of

5.1

g. (0.044 mole) of butylisothiocyanate in 20 ml.

of ethanol was added slowly to a solution of

6.5 g. (0.040 mole) of

N-butylisothiocyanate in 30 ml. of ethanol and the resulting mixture was

15

refluxed for

minutes.

On

cooling and filtering,

product, m. p. 108-110°, was obtained.
from

55 61.

9.5

g. of crude

_This product was recrystallized

of hot ethanol and 7•3 g. (65%) of crystalline product,

m. p. 112-114°, was obtained.

This product uas recrystallized from a

J'flinirl.1u:i. amount of hot ethanol and 6.S g. (585~) of crystalline title

product, m. p. 112-114°, was obtained.
titratable N,

5.047g. Found 5.05;;.

Calculated for c15H23 u s:
3
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4-Phenyl-1-piperazine-U-allylthiocarboxamide
A solution of

5.4

g. (0.05h mole) of allylisothiocyanate in

5 ml.

of ethanol was added slowly to a solution of 8.1 g. (0.050 mole) of
N-phenylpiperazine in 20 ml. ethanol and refluxed for 15 minutes.
cooling, the reaction mixture remained liquid.

On

A 50:50 solution of

ether and petroleum ether was added to the reaction mixture and a crystalline product separated.

This product was filtered off using suction

and 7.8 g. of crude product, m. P• 75-78°, was obtained.

This product

was recrystallized from 35 ml. of hot absolute ethanol by adding 75 ml.
of hot petroleum ether and cooling.

Thus 5.S g. (42%) of crystalline

title product, m. P• 77-79°, was obtained.
titratable N, 5.35%.

Calculated for C 1 !f 1 ~ 3 s:

Found 5.32%.

4-Phenyl-1-piperazine-N-phenylthiocarboxamide
A solution of 8.5 g. (0.064 mole) of phenylisothiocyanate in 10

ml. of ethanol was added slowlJ' to 9.7 g. (o.06o:m.o1e) of N-phenylpiperazine in 20 ml. of ethanol and the resulting mixture was refluxed for 15
minutes.

On cooling and filtering, 9.0 g. of crude product, m. p. 157-

1590, was obtained.

This product was recrystallized from 300 ml. of hot

ethanol and 8.3 g. (46%) of crystalline product, m. P• 157-159°, was obtairied.

Calculated for

c1711_9N3S:

titratable N, 4.70%.

Found 4.68%.
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4-Benzhydryl-1-piperazine-N-ethylthiocarboxamide
.

~

H

;---'\

C2H5-i~-c-1z.

l-CH (C6Hr;)2

A solution of 3.0 g. (0.034 mole) of ethylisothiocyanate in 5 ml.
ethanol was added slowly to a solution of 7.6 g. (0.030 mole) of N-benzhydrylpiperazine in 25 ml. of ethanol and the resulting mixture was
refluxed for 15 minutes.

On cooling and filtering the reaction mixture,

9.5 g. of crude product, m. P• 171-175°, was obtained.

This product was

recrystallized from 200 ml. of hot ethanol and 6.7 g. (66%) of crystalline title product, m. p. 172-175°, was obtained.

c20H25N3s:

titratable N, 4.12%.

.

Calculated for

Found 4.10%.

'

4-Benzhydryl-1-piperazine""l~-butylthiocarboxarri.de

A solution of 3.3 g. (0.029 mole) of butylisothiocyanate in 10 ml.
ethanol was added slowly to a solution of 6.3 g. (0.025 mole) of l!-benzhydrylpiperazine in 20 ml. of ethanol and the resulting mixture was
refluxed for 15 minutes.

On cooling and filtering with suction, the

reaction mixture yielded 7.0 g. of crude product, m. P•· 132-136°.

This

product was recrystallized from a minimum amount of hot ethanol and 5.6
g. (61%) of crystalline title product, m. p. 132-135°,.was obtained.
Calculated for

c22H29N3S:

titratable N, 3.81%.

Found 3.80%.

4-Benzhydryl-1-piperazine-N-allylthiocarboxam.ide
A solution of 3.3 g. (0.034 mole) of allylisothiocyanate in

5 ml.

ethanol was added slowly to a solution of 7.6 g. (0.030 mole) of N-benzhydrylpiperazine in 20 ml. of ethanol and the resulting mixture was
refluxed for 15 minutes.

On cooling and filtering, 9.9 of crude product,

m. p. 151-153°, was obtained.

This product was recrystallized from 50

ml. of hot ethanol and 7.0 g. (69%) of crystalline title product, m. P•
151-153.0 , was obtained.

Calculated for

c21H25N3S:

titratable N, 3.98%.

Found 4.04%.
4-Benzhydryl-1-piperazine-N-phenylthiocarboxamide.
A solution of 3.9 g. (0.029 mole) of phenylisothiocyanate in 5 ml.
ethanol was added slowly to a solution of 6.3 g. (0.025 mole) of N-benzhydrylpiperazine in 20 ml. ethanol and the resulting mixture was refluxed
for 15 minutes.

On

cooling and filtering, 9.5 g. of crude product, m. p.

204-2070, was obtained. This product was recrystallized from a minimum
amount.of hot ethanol and 8.0 g. (82%) of crystalline title product,
m. p. 204-206°, was obtai.'l'led.
J.61%.

Calculated for

c24H25N3S:

titratable N,

Found J.52%.

4-Benzhydryl-2,5-dimethyl-l-piperazine-N-ethylthiocarboxam.ide

A solution of 3.8 g •. (0.044 mole) of ethylisothiocyanate in 5 ml.
ethanol was added slowly to a solution of 11.2 g. (0.040 mole) of N-benzhydryl-2,5-dimethylpiperazine in 30 ml. of ethanol.
was then refluxed for 15 minutes.

On

The reaction mixture

cooling and filtering, 11.5 g. of

crude product, m. p. 134-138°, was obtained.

This product was recrystal-

lized from 130 ml. of hot ethanol and 7.0 g. (47%) of crystalline title
'

"

Calculated for C2 2H29N3s:

product, m. p. 136-138°, was obtained.
titratable N, 3.81%.

Found 3.79%.

4~Benzhydryl-2,5-dimethyl-l-piperazine-N-butylthiocarboxamide

A solution of 3.3 g. (0.029 mole) of butylisothiocyanate in 25
ml. absolute ether was added to a mechanically stirred solution of 7.0
g. (0.025 mole) of N-benzhydryl-2,5-dimethylpiperazine in
absolute ether over a 2 hour period.

On

50

ml. of

filtering the reaction mixture

using suction filtration, 6.0 g. of crude product, m. p. 129-132°, was
obtained.

This product was recrystallized from a minimum amount of hot
ethanol and 5.2 g. (53%) of crystalline title product, m. p. 131-132°,
was obtained.

Calculated for c24H33N3s:

titratable N, 3.54%.

Found

4-Benzhydryl-2,5-dimethyl-l-piperazine-N-allylthiocarboxamide
A solution of 3.3 g. (0.034 mole) of allylisothiocyanate in 25
ml. of absolute ether was added to a mechanically stirred solution of
8.4 g. (0.030 mole) of N-benzhydryl-2,5-dimethylpiperazine in 50 ml.
of absolute ether over a 1.5 hour period.

The reaction mixture was
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filtered using suction and 7.2 g. of crude product, m. p. 127-130°, was
obtained.

This product was recrystallized from a minimum amount of .hot

ethanol and 5.6 g. (49%) of crystalline title product, m. p. 128-130°,
was obtained.

Calculated for

c

23H 2 ~3 s: titratable N, 3.69%. Found

3.70%.
4-Benzhydryl-2,5-dimethyl-l-piperazine-N-phenylthiocarboxamide
A solution of 3.8 g. (0.029 mole) of phenylisothiocyanate in 5
ml. of ethanol was added slowly to a solution of 7.0 g•. (0.025 mole) of
N-benzhydryl-2,5-dimethylpipera~ine

refluxed for 15 minutes.

On

in 30 ml. of ethanol and was

cooling and filtering, 9.3 g. of crude

product, m. p. 138-143°, was obtained.

This product was.recrystallized

from a minimum amount of hot ethanol and 5.3 g. (51%) of crystalline
title product, m. p. 140-1430, was obtained.
titratable N, 3.37%•

Calculated for

c

26H 2 ~3 s:

Found 3.43%•

4-Hydroxyethyl-l-piperazine-N-ethylthiocarboxaJ11ide

A solution of 6.1 g. (0.074 mole) of ethylisothiocyanate in 5 ml.
of ethanol was added slowly to. 9.0 g. (0.070 mole) of N-hydroxyethylpiperazine in
15 minutes.

i5 ml.

On

ethanol and the resulting mixture was refluxed for

cooling and filtering,"8.7 g. of crude product, m. p.

78-83°, .was obtained. This product was recrystallized from a minimum

54
amount of hot ethanol by adding petroleum ether until the solution
became cloudy.

The solution was cooled and 8.0 g. (53%) of crystalline

title product, m. P• 79-82°, was obtained.
titratable N, 6.44%.

Found

Calculated for c~ 19 oN3 s:

6.44%.

4-Hydroxyethyl-1-piperazine-N-phenylthiocarboxamide
A solution of 17 g. (0.128 mole) of phenylisothiocyanate in 10

ml. of ethanol was added slowly to a solution of 15.4 g. (0.120 mole) of

.

-

N-hydroxyethylpiperazine in 20 ml. of ethanol and the resulting mixture
was refluxed for 15 minutes.
liquid.
product.

On cooling, the reaction

:m:L~ture

remained

Petroleum ether was added to cause precipitation of the desired
This product was filtered using suction and 26 g. of crude

product, m. p. 119-122°, was obtained.

This product was recrystallized

from a minimum amount of hot ethanol by addition of a minirrmm amount of
hot petroleum ether.

The petroleum ether was added until the solution

just became cloudy and 13.8

g.

(43%) of crystalline title product, m. p.

119-122°, was obtained on filtration of the cold solution.
for c H oN S:
13 19 3

titratable N, 5.27%.

Calculated

Found 4.82%.

4-(2-Pyridyl)-2,S-dimethyl-l-piperazine-N-ethylthiocarboxamide

A solution of 4.7 g.

(o.oS4 mole)

of ethylisothiocyanate in

5 ml.
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. of ethanol was added slowly to a solution of 9.6 g. (0.050 mole) of
N-(2-pyridyl)-2,5-dimethylpiperazine in 15 ml. ethanol and the resulting
solution was refluxed for 15 minutes.

On cooling and filtering,

of crude product, m. p. 159-164°, was obtained.

9.5

g.

This product was recrys-

tallized from 105 ml. of hot ethanol and 8.0 g. of crystalline product,
m. p. 164-166°, was obtained.

This product was recrystallized from a

mini.mum amount of hot ethanol and 7.2 g. (51%) of crystalline title

product, m. p. 164-166°, was obtained.
titratable N, 5.03%.

Calculated for c1 4H 22 N4S:

Found 4.86%.

4-(2-Pyridyl)-2,5-dimethyl-l-piperazine-N-butylthiocarboxamide
A solution of 6.2 g. (0.054 mole) of butylisothiocyanate in 25

ml. of absolute ether was added slowly with shaking to a solution of
9.6 g. of N-(2-pyridyl)-2,5-d:Lmethylpiperazine in 50 ml. absolute ether.
The reaction mixture was shaken for 10-15 minutes and then set aside for
2 hours.

Filtration of the reaction mixtur~ yielded 6.2 g. of"crude

product, m. p. 196-199°.

This product was recrystallized from 30 ml.

absolute ethanol and 2.0 g. (13%) of crystalline title product, m. p.
196-199°, was obtained.
4.57%.

Calculated for c16H 26N4S:

titratable N,

Found 4.69%.

4-(2-Fyridyl)-2,5-dimethyl-l-piperazine-N-allylthiocarboxamide
A solution of 5.4 g. (0.054 mole) of allylisothiocyanate in 5 ml.
ethanol was added slowly to 9.6 g. (0.050 mole) of N-(2-pyridyl)-2,5dimethylpiperazine in 15 ml. of ethanol and the resulting solution was
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refluxed for 15 minutes.

On cooling and filtering, 7.0 g. of crude

product, m. p. 134-140°, was obtained.

This product was recrystallized

from 20 ml. of hot ethanol and 5.2 g. (35%) of crystalline title product,
m. p. 138-140°, was obtained.
3.82%.

Calculated for

c15H22 N4s:

titratable N,

Found 3.78%.

4-(2-Pyridyl)-2,5-dimethyl-l-piperazine-N-phenylthiocarboxrunide
A solution of 11.3 g. (0.084 mole) of phenylisothiocyanate in 10

ml. ethanol was added slowly to a solution of 15.3 g. (0.080 mole) of
N-(2-pyridyl)-2,5-dimethylpiperazine in 20 ml. ethanol and the resulting
solution was refluxed for 15 minutes.

Petroleum ether was added to the

cooled reaction mixture to cause crystallization of the desired product.
Filtration of the reaction mixture yielded 23.0 g. of crude product,
m. p. 151-154°.

This product was recrystallized from 500 ml. of hot

ethanol and 7.5 g. (28%) of crystalline title product, m. p. 151-154°,
was obtained.

Calculated for c18H22N4S:

titratable N, 4.2?%.

Found

4-Formyl-1-piperazine-N-ethylthiocarboxamide

A solution of 7.3 g. (o.o84 mole) of ethylisothiocyanate in 5 ml.
ethanol was added slowly to 9.1 g. (0.080 mole) of N-formylpiperazine in
15 ml. of ethanol and the resulting mixture was refluxed for 15 minutes.
On

cooling and filtering, 15.5 g. of crude product, m. p. 142-146°, was
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This product was recrystallized from 80 ml. of hot ethanol

obtained.

and 9.3 g. (58%) of crystalline title product, m. p. 144-146°, was obtained.

Calculated for

c8H1fN3s: total N, 20.87%. Found 20.84%/('

4-Formyl-1-piperazine-N-butylthiocarboxamide
A solution of 7.3 g. (0.064 mole) of butylisothiocya.nate in

5 ml.

of ethanol was added slowly to a solution of 6.8 g. (0.060 mole) of
N-formylpiperazine in 15 ml. of ethanol and was refluxed for

15

minutes.

Addition of absolute ether to the cooled reaction mixture caused crystallization.

These crystals were filtered using suction and a yield of

7.2 g. of crude product, m. p. 60-72°, was obtained.

This product was

recrystallized from 30 ml. of hot ethanol by adding 30 ml. hot petroleum
ether.

A yield of 3.2 .g. of crystalline product, m. p. 70-75°, was

obtained.

This product was recrystallized from 9 ml. of hot absolute

ethanol by adding 40 ml. ~ot petroleum ether, and 1.9 g. (14%) of crystalline title product, m. p. 73-75°, was obtained.
C1oII19oN S:
3

total

Calculated for

N, 18.32%. Found 18.34%. *

4-Formyl-1-piperaz ine-H-a.llylthiocarboxamide
A solution of 7.3 g. (0.074 mole) of allylisothiocyanate in 5 ml.
of ethanol was added slowly to a solution of 8.0 g. (0.070 mole) of
N-formylpiperazine in 15 ml. of ethanol and the resultine; :r.iixture was
refluxed for 15 minutes.

{~Analysis

Addition of absolute ether to the cooled

by Galbraith Laboratories, Inc., Knoxville, Tennessee.
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reaction mixture caused
usine suction.
obtained.

crystalli~ation

and this product was filtered

A yield of 9.1 g. of crude product, m. p. 95-97°, was

This product was recrystallized from a solution of

hot a.bsolute ethanol and 100 ml. of hot petroleum ether.

On

8.2 g. of crystalline product, m. p. 98-101°, was obtained.

~2

ml. of

filtering,
This

product was recrystallized-from a solution of 25 ml. of absolute hot
ethanol and 18 ml. of hot petroleum ether.

A yield of

5. 7 g. (38%) of

crystalline title product, m• p~ 99-101°, was obtained.

c9H1 50N3S:'

total N, 19.69%.

Calculated for

Found 19. 71% •..:~

4-Formyl-1-piperazine-N-phenylthiocarboxamide
A solution of 18.9 g. (0.140 mole) of phenylisothiocyanate in 10
ml. of ethanol was added slowly to a solution of 11.4 g. (0.10 mole) of

N-formylpiperazine· in 20 ml. of ethanol and the resulting mixture was
refluxed for 15 minutes.

·On

cooling and filtering, 17.0 g. of crude

product, m. p. 162-166°, was obtained.

This product was recrystallized

from 500 ml. of hot ethanol and 11.3 g. (45%) of crystalline title
0

•

.

product,·m. p. 163-166, was obtained.
total N~ 17_.00%.

Calculated for

c12H1fN 3s:

Found i6.80%.*

4-Formyl-2,5-dimethyl-l-piperazine-N-ethylthiocarboxamide

2 -;;

H

S~CH
.
II

c H~-fl-C

\

0
II

N-C-H
I
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A solution of 5.6 g. (0.064 mole) of ethylisothiocyanate in 5 ml.
of ethanol was added slowly to a solution of 8.5 g. (0.060 mole) of
N-forrnyl-2,5-dirnethylpiperazine in 15 ml. of ethanol and the resulting
solution was refluxed for 15 minutes.

On cooling and filtering, 11.9 g.

of crude product, m. p. 129-134°, was obtained from the reaction mixture.
· This product was recrystallized from 67 ml. of hot ethanol by addition
of 350 ml. of hot petroleum ether, and 7.1 g. (51%) of crystalline title
product, m. p. 133-135°, was obtained.
total N, 18.32%.

Calculated for c10H oN s:
19 3

Found 18.16%.*

4-Forrnyl-2,5-di.~ethyl-l-piperazine-N-butylthiocarboxamide

A solution of 7.3 g. (0.064 mole) of butylisothiocyanate in 5 ml.
of ethanol was added slowly to a solution of 8.5 g. (0.060 mole) of
J:!-forrnyl-2,5-dimethylpiperazine in 15 ml. of ethanol and the solution
was refluxed for 15 minutes.

Absolute ether was added to the cooled

reaction mixture to cause crystallization.
crude product, m. p. 78-87°.

Filtration yielded 8.7 g. of

This product was recrystallized from a

minimum amount of hot ethanol by addition of a minir.rum amount of hot

petroleum ether and 5.0 g. (32%) of crystalline title product, m. p.
85-88°, was obtained.

Calculated for c12H23 oN3S:

total N, 16.32%.

Found 16.08%.*
4-Forrnyl-2,5-dimethyl-l-piperazine-N-phenylthiocarboxamide
A solution of 18.9 g. (0.13 mole) of phenylisothiocyanate in 10

ml. of ethanol was added slowly to a solution of 14.2 g. (0.10 mole) of
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N-formyl-2,5-dimethylpiperazine in 20 ml. of ethanol and this mixture
was refluxed for 15 minutes. On cooling and filtering, 23 g. of crude
product, m. p. 155-157°, was obtained.

This product was recrystallized

from 300 ml. of hot ethanol and 11.5 g. (41%) of crystalline title
product; m. P• 155-157°, was obtained.
total N, 15.14%.

Calculated for c14H19oN S:
3

Found 14.91%.~'° .

4-Formyl-2,6-dimethyl-l-piperazine-N-ethylthiocarboxamide

A solution of 5.0 g. (0.054 mole) of ethylisothiocyanate in 5 ml.
·of ethanol was added slowly to 7.0 g. (0.050 mole) of N-formyl-J,~dimethylpiperazine in 15 ml. of ethanol and the resulting solution was
refluxed for 15 minutes.
.

On cooling and filtering, 7.5 g. of crude

0

product, m. p. 133-136 , was obtained.

This product was recrystallized

from 27 ml. of hot ethanol ~d 4.0 g. (35%) of crystalline title product,
m. p. 133-1350, was obtained.

Calculated for C1oH19oN3S:

total N,

~~

18.32%.

Found 18.34%."

4-Formyl-2,6-dimethyl-l-piperazine-N-butylthiocarboxamide
A solution of 7.3 g. (0.064 mole) of butylisothiocyanate in 20

ml. of absolute ether was ·added over a 1.5 hour period to a mechanically
sti;red solution of 8.5 g. (0.060 mole) of H-formyl-3,~-d:i.methylpiperazine

61.
in 30 ml. of absolute ether.

The reaction mixture was then filtered and

lJ.2 g. of crude product, m. p. 121-123°, was obtained.

This product

was recrystallized from a minimum amount of hot ethanol and
of crystalline title product, m. p. 121-123°, was obtained.
for c1 2H 23 oN3S: total N, 16.32%.

7.5

g. (49%)

Calculated

Found 16.21%.*

4-Formyl-2, 6-dimethyl-1-piperaz ine-N-allylthioc arboxa..T>'lide
A solution of

5.4

g. (0.054 mole) of allylisothiocyanate in

5 ml.

of ethanol was added slowly to a solution of 7.1 g. (0.050 mole) of
N-formyl-3,,.5-dimethylpiperazine in 15 ml. of ethanol and the resulting
solution was refluxed for 15 minutes.

Absolute ether was added to the

cooled reaction mixture to cause crystallization.
filtered and

9.4

The solution was

g. of crude product, m. p. 122-128°, was obtained.

This product was recrystallized from 35 :r.U.. of hot ethanol by the ·addition of a minimum amou.Ylt of hot petroleum ether and 7 .!~ g. (61%) of
crystalline title product, m. P• 126-128°, was obtained.

Calculated for

4-Formyl-2,6-dimethyl-l-piperazine-N-phenylthiocarboxamide
A solution of 7.3 g.

(o.o54

mole) of phenylisothiocyanate in

5

ml. of ethanol was added slowly to
a solution of 7.0 g. (0.050 mole) of.
·,
N-formyl-;3,,5-dimethylpiperazine in 15 ml. of ethanol and the resulting
mixture was refluxed for 15 m:LDutes.

On

cooling and filtering, 12.5 g.

of crude product, m. p. 149-152°, was obtained.

This product was

recrystallized from 150 ml. of hot ethanol and 8.1 g. (59%) of crystal-

6Z
line title.product, m. p. 149-151°, was obtained.
C14H19oN s:
3

total N, 15.14%.

Calculated for

Found 15.36%.-i~

4-Carbethoxy-2,5-dimethyl-l-piperazine-U-ethylthiocarboxamide

A solution of 5.0 g. (0.054 mole) of ethylisothiocyanate in 5 ml.
of ethanol was added slowly to a solution of 9.3 g. (0.050 mole) of
N-carbethoxy-2,5-dimethylpiperazine in 15 wl. of ethanol and this solution was refluxed for·l5 minutes.

On

cooling and filtering, 9.7 g. of

crude product, m. p. 136-139°, was obtained.

This product was recrys-

tallized from 25 ml. of hot ethanol and 6.8 g. of crystalline product,
m. p. 139-141°, was obtained.

ml. of hot ethanol and
139-141.0 , was obtained.

4.9

This product was recrystallized from 20

g. (36%) of crystalline title product, m. p.

Calculated for

c12H2302N3S:

total N, 15.377b.

'*

Found 15.63%.

4-Carbethoxy-2,5-dimethyl-l-piperazine-N-butylthiocarboxarnide
A solution of ·5.1 g. (0.044 mole) of butylisothiocyanate in 5 ml.
of ethanol was added slowly to a solution of 7.4 g. (0.040 mole) of
N-carbethoxy-2,5-dimethylpiperazine in 15 ml. of ethanol and the resulting solution was refluxed for 15 r.iinutes.

On cooling and filtering,

8.0 g. of crude product, m. p. 134-136°, was obtained.

This product was
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recrystallized from 20 ml.- of hot ethanol and 5.3 g. (44%) of crystalline
Calculated for c1 4H o2ws:
27 3

title product, m. P• 134-136°, was obtained.
total N, 13.94%.

Found 14009%.*

4-Carbethoxy-2,5-dimethyl-l-piperazine-N-allylthiocarboxamide

A solution of S.4 g. (0.054 mole) of allylisothiocyanate in 5 ml.
of ethanol was added slowly to a solution of 9.3 g. (0.050 mole) of

N-carbethor:J-2,5-dimethylpiperazine in 15 ml. of ethanol and the resulting solution was refluxed for 15 minutes.

On

cooling and. filtering,

10.h g. of crude product, m. p. 139-142°, was obtained.
was recrystallized from

35 ml. of hot ethanol and 9.0

talline product, m. p. lb0-142-0 , was obtained.

c13H23o2N3S:

This product

g. (62%) of crys-

Calculated for

Found 1 4.7 3°fa• -:}

q'.
total N, l 4.72~.

4-Carbethoxy-2,5-dimethyl-l-piperazine-N-phenylthiocarboxami.de
A solution of 8.S g. (0.064 mole) of phcnylisothiocyanate in

5 ml.

ethanol was added slowly to a solution of 11.2 g. (0.060 mole) of Ncarbethoxy-2,5-dimethylpiperazine in 15 ~J.. of ethanol and the resulting
solution was refluxed for 15 minutes.

On cooli.ng and filtering, 12 g.

of crude product, m. p. 151-153°, was obtained.

This product was recrys-

tallized from 400 ml. of hot ethanol and 8.0 g. of crystalline product,
m. p. 156-1570, was obtained.

This product was recrystallized from a

minimum amount of hot ethanol and 7.5 g. (39%) of crystalline title

product, m. P• 155-157°, was obtained.
total N, 13.07%.

Found 12.92%.*

Calculated for c16H 23 o2N3s:
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4-(3-Diethylamino-2-hyd.roxypropyl)-2,5-dimethyl-l-piperazine-N-ethylthiocarboxa.mide

. A solution of 3.8 g. (0.044 mole) of ethylisothiocyanate in 25
ml. absolute ether was added over a 20 minute period to a mechanically
stirred solution of 9.7 g. (0.040 mole) of l-(3-diethylamino-2-hyd.roxypropyl)-2,5-dimethylpiperazine in 35 ml. of absolute ether.
tion was then stirred for 2.5 hours.

The reaction mixture was poured

into a separatory funnel and 100 ml~ of J.:!! HCl was added.
was made basic to pH=ll with 6N NaOH.

The solu-

The acid layer

This mixture was extracted with

50 ml. of ether and the ether layer was filtered and dried for 24 hours·
over K2co •
3
product.

Evaporation of the ether yielded 7.5 g. (57%)of oily title

Calculated for c16H340N4S:

titratable N, 8.47%.

Found 8.50%.

4-(3-Diethylamino-2-hyd.roxypropyl)-2,5-dimethyl-l-piperazine-N-butylthiocarboxamide
A solution of 5.1 g.

(o.o44

mole) of butylisothiocyanate in 5 ml.

ethanol was added slowly to a solution of 9.7 g. (0.040 mole) of
l-(3-diethylamino-2-hydroxypropyl)-2,5-dimethylpiperazine in

15 ml.

ethanol and the resulting solution was refluxed for 15 minutes.

of

The

cooled reaction mixture was poured into a separatory funnel and 150 ml.
of lN HCl and 60 ml. of ether were added.

The aqueous layer was made

basic to pH=ll with 6_!! NaOH and extracted with 90 ml. of ether.
ether layer was filtered and dried for 24 hours over

of the ether yielded 4.5 g. (31%) of oily title product.
c1 aH aoN4S~

3

titratable N, 7.81%.

3

~co •

The

Evaporation

Calculated for

Found 7.61%.

4-(3-Diethylamino-2-hydroxypropyl)-2,5-dimethyl-l-piperazine-N-allylthiocarboxamide
A solution of 3.3 g. (0.034 mole) of allylisothiocyanate in 10

ml. of ethanol was added slowly to a solution of 7.3 g. (0.030 mole) of.
l-(3-diethylamino-2-hydroxypropyl)-2,5-dimethylpiperazine in 20 ml. of
ethanol and the resulting solution was refluxed.for 15 minutes.

The

cooled reaction rid:xture was poured into a separatory funnel and 100 ml.
of l!! HCl and 75 ml. of ether were added.
basic to pH:11 with

The aqueous layer was made

6!£ NaOH and extracted with 100 ml. of ether. The

ether layer was filtered and dried over K2C03 for 24 hours.
of the ether yielded 5.0 g. (49%) of oily title product.

c17H340N4s:

Evaporation

Calculated for

titratable N, 8.18%. Found 7.93%.

4-(3-Diethylamino-2-hydroxypropyl)-2,5-dimethyl-l-piperazine-N-phenylthiocarboxamide
A solution of 5.9 g. (o.o44 mole) of phenylisothiocyanate in 5

ml. of ethanol was added to a solution of 9.7 g. (o.04o·mole) of l-(3dimethylamino-2-hydroxypropyl)-2,5-dimethylpiperazine and the resulting
solution was refluxed for 15 minutes.

.·

The cooled reaction mixture was

placed in a separatocy funnel and 300 ml. J.B. HCl and 70 ml. of ether
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were added.

The aqueous layer was made basic to pH=ll with 6!! NaOH and

extracted with 100 ml. of ether.
for 24 hours over K2C03•

The ether layer was filtered and dried

Evaporation of the ether yielded 2.5 g. (17%)
Calculated for C2if-340N4S: · titratable N, 7.40%.

of oily title product.
Found 7.30%.

4- [?-(4-Formylpiperazyl )-2-hydroxypropyjJ-2, 5-dimethyl-l-piperazine-Hethylthiocarboxamide

CH

·
OH

CH3

\
A
C2H5-fl-e-Nw-CH2-~-CH2wr-C-H
H

S
II

I

I

CH3

Q
II

CH3

A solution of 2.0 g. (0.024 mole) of ethylisothiocyanate in 25
l>.lq.

ml. of benzene was added to a solution of"l-[?-(4-formylpiperazyl)-2hydroxypropyl]-2 ,5-dimethylpiperazine in

SO

ml. of benzene and the

resulting solution was refluxed for 15 minutes.

The cooled reaction

mixture was placed in a separatory funnel and 60 ml. of L~ HCl, 40 ml.
of H o, and 30 ml. of ether were added. The aqueous layer was made
2
basic to pH=ll and extracted with 70 ml. of ether. The ether layer was
filtered and dried over K2co • Evaporation of the-ether yielded 3.0 g.
3
(37.%) of oily product.
7.01%.

Calculated for c1 ~37 o 2N5S:

titratable H,

Found 5.34%.
The above procedure was repeated and 1.5 g. (18%) of oily title

product was obtained.
Found

6.56%.

Calculated for C1si1320~~5S:

titratable N, 7 .01%.
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4- [3-(4-Formylpiperazyl)-2-hydroxypropyl]-2, S-d.imethyl-1-piperazine-Nbutylthiocarboxamide
A solution of 2.7 g.

(0,024 mole) of butylisothiocyanate

in

25

ml. benzene was added to a solution of 6.2 g. (0.020 mole) of l-~-(4fo!'lllylpiperazyl)-2-hydroxypropyl]-2,5-dimethylpiperazine in
benzene and refluxed for

15

Sixty ml. of 1!!, HCl,

minutes.

50 ml. of
40 ml. of

H o, and 20 ml. of ether were added to the reaction mixture in a sepa2
ratory funnel. The aqueous layer was made basic to pH=ll and extracted
with three 150 ml. portions of ether.

The combined ether layers were

extracted with acid, made basic, and extracted with ether as before.
The ether layer was filtered and dried over K2C03 for 2L hours.

Evapo-

ration of the ether yielded 2.5 g. (29%) of oily title product.

Calcu-

lated for

c21H4102N5S:

6.55%. Found 5.69%. The sa":l.ple

titratable N,

was warmed under a heat lamp for 2 hours and analyzed again.

!?ound

4- [3-( 4-Formylpiperazyl)-2-hydroxypropyl]-2, 5-<l:L"llethyl-1-piperazine-llallylthiocarboxamide
A solution of 2.4 g. (0.024 mole) of allylisothiocyanate in

25

ml. benzene was added to 6.2 g. (0.020 mole) of l-[3-(4-forr.iylpiperazyl)
-2-hydroxypropyl]-2,5-dimethylpiperazine in
refluxed for

15

minutes.

Forty

ru.

of

J.!i

50 ml. of benzene and

!!Cl, 60 ml. of water, and 30

ml. of ether were added to the reaction mixture in a separatory funnel.
The aqueous layer was extracted with

50 ml. of ether and then made basic
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to pH=ll and extracted with three 150 ml. portions of ether.

The com-

bined ether layers were then extracted with acid and the above procedure
was repeated.

The final ether layer was filtered and dried for 24 hours

over K2co • Evaporation of the ether yielded 3.0 g. (37%) of oily title
3
product. Calculated for c20H o2N_53: titratable N, 6.80%. Found 6.03%.
37
The sample was warmed under a heat lamp for 2 hours and analyzed again.
Found 6.29%.
4-(3-(4-Formylpiperazyl)-2-hydroxypropyl]-2,5-dim.ethyl-l-piperazine-Nphenylthiocarboxamide
A solution of 3.1 g. (0.023 mole) of phenylisothiocyanate in 25

ml. of benzene was added to a solution of 6.2 g. (0.020 mole) of
1- 3-(4-formylpiperazyl)-2-hydroxypropyl -2,5-dimethylpiperazine in 50

ml. of benzene and refluxed for 15 minutes. Forty ml. of
of water, and 30 ml. of ether were
.separatory furmel.

~dded

l!!

HCl, 60 ml.

to the reaction n:Lxture in a

The aqueous layer was extracted with 50 ml. of ether

and then made basic to pH=ll and extracted with three 150 ml. portions
of ether.

The above procedure was repeated on the combined ether layers

and 3.0 g. (34%) of oily title product was obtained on evaporation of
the final ether layer.
6.25%.

Found 5.64%.

Calculated for

c23H37o2n5s:

titratable

n,

The sample was warmed under a heat lamp for 2

hours and analyzed again.

Found 6.08%.
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4-{3-[4-(2-Pyridyl)-2,5-dimethylpiperazy~-2-hyd.roxypropyl}-2,5-dimethyl
-1-piperazine-N-ethylthiocarboxamide

A solution of 2.0 g. (0.024 mole) of ethylisothiocyanate in 10

ml. of ethanol was added to a solution of l-f3-[4-(2-Pyridyl)-2,5dimethylpiperazyl]-2-hydroxypropyl}-2,5-dimethylpiperazine in 20 ml.
of ethanol and was refluxed for 15 minutes.

The cooled reaction mix-

ture was placed in a separatory funnel. and 200 mlo of
of ether were adde.d.

The aqueous layer was made basic with

to pH=ll and extracted with 70 ml. of ether.
tered and dried over K2co3 for 24 hours.
_yielded 6.2 g. (69%) of oily product.
titratable N, 9.36%.

!!! HCl

Fo:und

8.66/~.

and 70 ml •.,

6~

NaOH

The ether layer was fil-

Evaporation of the ether

Calculated for

c23H40oN6s:

The above· procedure was repeated

on the oily product and 3.5 g. (39%) of oily title product was obtained.

Found 9.08%.

4-\3-[4-(2-Pyridyl)-2,5-dimethylpiperazyl]-2-hydroxypropy~-2,5-dimethyl
-1-piperazine-N-butylthiocarboxamide
A solution of 2.7 g. (0.024 mole) of butylisothiocyanate in 10

ml. of ethanol was added to 7.2 g. (0.020 mole) of l-f3-{4-(2-Pyridyl)2,5-dimethylpiperazyl]-2-hydroxypropyl1-2,5-dimethylpiperazine in 20 ml.
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of ethanol and the resulting solution was refluxed for 15 minutes.

The

reaction mixture was placed in a separatory funnel and 90 ml. of DJ HCl
and 50 ml. of ether were added.

The aqueous layer was m.ade basic to

pH=ll and extracted with 90 ml. of ether. The ether layer was filtered
and dried over K2co3 • Evaporation of the ether yielded 1.0 g. (10%) of
oily title product. Calculated for c25H oN6S: titratable N, 8.81%.
44
Found 8.59%.
4-\3-[4-(2-Pyridyl)-2,5-dimethylpiperazyl]-2-hydroxypropyJ}-2,5-d.:i.methyl
-1-piperazine-N-allylthiocarboxamide
A solution of 2.4 g, (0.024 mole) of allylisothiocyanate in 10
'7.Jg. (

ml. ethanol was added to a solution of/\l-1.3-[4-(2-Pyridyl)-2,5-d.imethyl-

piperazyl)-2-hyd.roxypropyi}-2,5-d:i.methylpiperazine in 20 ml. of ethanol
and the resulting solution was refluxed for 15 minutes.

The cooled

reaction mixture was placed in a separatory funnel and 100 ml. of l!! HCl
and 25 ml. of ether were added.

The aqueous layer was made basic to

pH=ll with 6_!! NaOH and extracted with 70 ml. of ether.
was filtered and dried for 24 hours over

K2co3 •

ether yielded 1.5 g. (16%) of oily title product.

c

H oN S:
24 40 6

titratable N, 9,12%.

The ether layer

Evaporation of the
Calculated for

Found 9.23%.

4-l3-[4-(2-Pyridyl)-2,5-di.~ethylpiperazyl]-2-hydroxypropyl}-2,5-d.imethyl
-1-piperazine-N-phenylthiocarboxamide
A solution of 3.2 g. (0.024 mole) of phenylisothiocyanate in 25

ml. benzene· was added to a solution of 7.2 g. (0.020 mole) of
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l-t3-[4-(2-Pyridyl)-2,5-d:i.methylpiperazyl]-2-hydroxypropyi}-2,5-dimethylpiperazine in 25 ml. of benzene and the resulting solution was refluxed
for 15 minutes.

Ninety ml. of l!! HCl, 40 ml. of water, and 30 ml. of

ether were added to the cooled reaction in a separatory funnel.

The

aqueous layer was made basic with 6!! NaOH to pH=ll and was extracted
with 200 ml. of ether.

The ether layer was washed with 100 ml. of water,

filtered, and dried over

3 for 2 hours. Evaporation of the ether

~co

yielded 4.5 g. (45%) of oily title product.
titratable N, 8.L.6%.
The

Calculated for

c27H40oH6s:

Found B.L2%.

2,5-d:i.methylpip~razine

ceding compounds was the cis form.

used in the preparation of the pre-
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SCHEHATIC DIAGRAM FOR THE PURIFICATION
OF THE
NON-CRYSTALLINE POLYSUBSTITUTED PIPERAZINETHIOCARBOXAEIDES

Reaction Hixture
(in ethanol, benzene, or ether solvent)

I

Extract with 1N HCl
I

Organic layer 1

Aqueous layer 1

I

. i ard
Disc

Extract with ether

I

Aqueous 1layer 2

Etherl layer .Z ·
Discard

Add.
until

6N UaOH
pH=ll

Extract with ether
Ether layer 3

Aqueous layer 3

Extrac with llI HCl

Discard

Aqueousllaye~ 4

Ether fayer 4

Add
until

Discard

6N NaOH
pH=ll

Extract with ether
Ether layer
Dry over K2C03

J.

Evaporate ether

J
'de
Desired Thiocarboxami

Aqueous layer 5
Discard

VI.

ANALYTICAL

The purity of the compounds prepared in this work was determined
by titration of the basic nitrogen atom{s) using glacial acetic acid as
solvent and o.1 N perchloric acid in glacial acetic acid as the titrant.229
Under the conditions of the determinations, the nitrogen atoms adjacent
to the thiocarbanyl group, the formyl group, or the carbethoxy group are
not titrated.

The following compounds, for example, would contain:

one titratable nitrogen atom

three titratable nitrogen a.toms

Equipment:
Reagents:

Beckman Glass Electrode pH meter, Hodel H-2.
Reagent grade glacial acetic acid, o.l N perchloric

acid in glacial acetic acid.
Procedure:

A sample ranging fron 0.05 g. - O.l g. is weighed

into a 250 ml. beaker.
acetic acid.

The sample is dissolved in 25-35 ml. of glacial

Using a pH meter to follow the change in potential of the

solution, the sample is titrated with 0.1 N perchloric acid in acetic
acid.

Increments of 0.10 ml. are added to the solution and the endpoint
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is indicated by the greatest change in potential per 0.10 ml. increment
of acid.
Calculations:
A x Wt. sample x 1000
ml • ACJ."d x N ac1"d

=lfolecular Weight

A= Number of titratablenitrogen atoms
14.0 x A x 100
Uolecular Weight

= %Nitrogen

The compounds prepared which co:Q.tained no ·basic nitrogen a.tom,
for example,

sII I

0

\ II
C6H~i~-c-n
;_)
\.__ __.!N-C-H
H

were analyzed for total nitrogen by Galbraith L~boratories, Inc.,
Knoxville, Tennessee.

VII. TABLES

TABLE I
CRYSTALLINE POLYSUBSTITUTED PIPERAZINETHIOCARBOXA1'1IDES
·s
II H
B-C-N-R
B

Yield

m. P•
oc

Fornru.la

%N

%N

Found
20.8 i}
18.34*
19.71*
16.80tt-

14
38
45

73-75
99-101
163-166

C 15 N~
C12H15° 38

cW16o~ss

51
32

C1oH190N3S
C12H230N3S
C1!f!190N3S

18.32
16.32
15.14

18.16*
16.08i(

C1ol1190~S

18.32
16.32
17.41
15.14

18.34-il16.21*
17 .09~115.36-il-

2
#1
A
36
139-141 C12H2302N~S 15.37
C2H5
1
#1
A
134-136 C14H2702l 3S 13.94
44
c4H9
62.
1
A
140-142 C13H2302~S 14.72
CH2-CH=CH2 tll
C2H503-n
\
2
A
#1
155-157
39
C6H5
C16H2302 3S 13.07
CH
3
* AnalysJ:s- by Galbraith HicroanBJ.y1:~lca1Labor-at-ories-,-rnc-:-;~KnoxVille, Tennessee.
Method: #1 Refluxed reactants using ethanol as solvent.
#2 Absolute ether used as solvent and reaction carried out at room temperature.
Recrystallization ~olvents: A= ethanol; AA= absolute ethanol; PE= petroleum ether.

15.63*
14.09*
14.73*

~ 4\_
I

H

C2H5

\_
I

C~H9

CH2- H=CH2
C6H5

0 CH3
" I
\
HC-N\
CH3

y-

o

I

uB-N

\.

CH

~

CH.3
.

Recryst. Method Solvent
,1
A
#1
AAPE
AAPE
#1
#1
A

Calcd.
20. 7
18.32
19.69
17.00

R

CH

__

l • -1

C2H5
C4H9
C6H5·

Ill

APE

#1

APE

#1

1
l

A

l

Ll

133-135
85-88
155-157

ctii5
c4 9
CH2-CH=CH2
C6H5

#1
#2

A

1

A

#1

APE

1
1
1

35
49
61
59

133-135
121-123
126-12.8
149-151

#1

A

C8H15°N~S

C12H230 3S
C11H190N~S

C14H190l3S

14.91~1-

12.92~1-

-.::i

°'

TABLE II
CRYSTALLINE POLYSUBSTITUTED PIPERAZINETHIOCA..1IBOX.AMIDES
r. ~ -R
B-C-i:

B

;-,
C6H5-NJ-

r-\

(C6H5)2CH-~y-

~

(C6H5) 2cH-lLJCH3

;--\
HOCH2CH2lLJ-

~

CH3

~/1--i?W" '
c3

Recryst. No.of Yield m. p.
% oc
R
Method Solvent Recryst.
1
A
C2H5
#1
66 130-133
2:
A
58 112-114
C4Ho . #1
1
A.APE
CH2-CR=CH2 #1
42 77-79
l
A
#1
c6H5
46 157-159
C2H5
ChHfi

f/l
#1
CH2~ =CH2 #1
C6H5
#1
C2H5

#1
#2
CH2- =CH2 #2
C6H5
/fl
c 4~

g~~
C2~

Ill
#1

Ill
#2
CH2-C =CH2 #1
C6H5
#1

c4 ~

A

l

A

l

A

1

A

l

A

l
1

A
A

A

1

l

APE

1

APE

l

A
A

2
1

A
A

1

1

Formula
C13H19N3S

%Titratable Nitrogen
Found

C14H19 3S
Ci7H19N3S

Ca.led.
5'.61
5.04
.5.3.5
. 4.70

C15H23~S

5.69
s.05
.5.32
4.68

66
61
69
82

172-17.5
132-135
151-153
204-206

C2oH25N3S
C22H29l2S
C21H25l2S
C24H25l.3S

4.12
3.81
3.98
3.61

4.10
3.80
4.04
3•.52·

47
53
49
51

136-138
131-132
128-130
140-143

C22H2~2S

3.81
3.54
3.69
3.37

3.79
3.51
3.70
3.43

C24~3~S

C23-29~S

C26H29 3S

53 79-82
43 119-122

C13H1~N3S

6.44
5.27

6.44
4.82

51
13
35
28

C14H22NhS
C16H26N4S
C15H22N4S
C1sH22N4S

5.03
4.57
3.82
4.27

4.86
4.69
3.78
4.25

164-166
196-l99
138-lhO
151-154

C9H190N3S

-.J
-.J

TABLE III
NON-CRYSTALLINE POLYSUBSTITUTED PIPERAZINETHIOCARBOXAMIDES

sII

H

B-C..:.t~-R
-·---·-

OH

J!

Formula

~'cH3

C2H5
C1H9
CH 2-Hn=cH 2
C6H,5

#2
#1
ill
ffl

.57
31
49
17

C1sI 3sON4S
C17H340N4S
C20H340IJ4S

CH3

C2H5

i~3
i~3

C1~37021J5S

~

(c 2115) 2n-c11 2CcH 2-n
H

cn3

~ r-'

~

9n

cH3

(J3
-k
11 ,,.

'tJ

cu3

Method:

CH

QH/~
H

113
#3

C2H5

Ill
tfl
Ill
#3

69
10
16
4.5

c1,H

Jr-CH2 CCH2-!\_J-

CH
3

CH2-D'H CH2
C6H.5

37
29
37
34

c 1 ,u~

HC-t{_F-CH2iiCII2-!·L_J-

CH

%Titratable

Yield

Hethod

R

B

CH

3

CH 2 -eH2cn2
C6H.5

Cal ed.

Nitrogen
Found

8.47
7.81
8.18

s.50
7.61
7.93
7.30

C21H4102N5S
C20H3702N5S
C23H)702N5S

7.01
6 • .5.5
6.80
6.;25

6.56
6.11+
6.29

C23H400H6S
c25B44on6s
C2hH4oOH6S
C27H400N6S

9.36
8.81
9.12
8.46

9.08
8.59
9.23
s.1-i2

C16~40N4S

7.~o

5.6t!.

#3 Reilu.'Ced reactants using benzene solvent.
-.J
CP

VIII.

BIBLIOCRAPHY

VIII.
1.

BIBLIOORAPHY

Louis s. Goodman, and Alfred Gilman, The Pharmacolo~ical Basis of
Therapeutics, The Macmillan Company, New York (1958 , P• i343." -

2 •. E. B. Astwood, J. Am. Med. Assoc.,

n_, 3834 (1943).

122', 78-81 (1943)· Chem. Abstr.
,
,

3. Alfred Burger, Medicinal Chemistry, Interscience Publishers Inc •.
New York (1960), P• 686.
'

4. David Campbell, F. w. Landgrebe, and T. 11. Morgan, Lancet, 1944,
630-2:; Chem. Abstr., 38, 6389 (1944).
-

5. E.

J. Baumann, Nannette Metzger and David Marine, Endocrinology,
34, 44-9 (1944); Chem. Abstr., 38, 2118 (1944).

6. T. H. Kennedy, Nature, !2.Q, 233-4 (1942).
7. D. c. Schroeder, Chem. Revs., 55, 185 (1955).
8. E. B. Astwood, A. Bissell, and A. M. Hughes, Endocrinology, 37,
456 (1945); ,Chem. Abstr., l±Q, 3827 (1946).
-

9. R. H. Williams, and E. G. Frame, Bull. Johns Hopkins Hosp., 77,
314-28 (1945); Chem. Abstr., 40, 5490 (1946).
~
10.

R. L. Mayer, Chem. Abstr.,

36, 5199 (1942).

11. Ng. Ph. Buu-Bo1, Ng. D. Xuong, and Ng. N. Nan, J. Chem. Soc., 1955,
1573-81.
12. Kosuke Yamaguchi, Chem. Abstr., !§_, 1180 (1924).
D. Schroeder, 2E• ~., 183.
Chem. Abs tr. ,
14. M. Bockrniihul~ and w. Persch, u. s. patent 2,323,445;
~, 220 (1944J •.
15. s. P. Massie, Iowa State Coll. J. Sci., ~' 41 (1946); Chem. Abstr.,
111, 3044 (1947).

16. G. Bueno de la Cruz, Marta Rivas de B, and Julia Barrious, Chem.
Abstr., 22_, 1679 (1945).

17. H. Viveros and others, Chem. Abstr., 42, 4275 (1948).
18

0

D. Schroeder, Chem. Revs., .2,2, 183 (1955).

19. Ibid.

81
20. Ibid., 185.
21.

C. F. Huebner and others, J. Am. Chem. Soc., 75, 2275 (1953).

22. Ng. Ph. Buu-Hoi and Ng. D. Xuong, Chem. Abstr., 48, 3559 (1954).
23. W. Aumu.ller and others, Ber., 85, 760-74 (1952); Chem. Abstr., 48,
648 (1954).
24. K. V. Viswanathan and B. H. Iyer, J. Indian Inst. Sci., 36, 277-81
(1954); Chem. Abstr., 49, 5777 (1955).
25. c. F. Huebner and c. R. Scholz, u. s. patent 2,686,806; Chem.
Ahstr., .2.Q, 1905 (1956).
26. L. Goodman, op. cit., p. 1133.
John c. Krantz and c. J. Carr, The Pharmacologic Principles of
Medical Practice, The Williams and Willd.ns Company, Baltimore
(19:58), p. 263.

28. A. Burger, EE• cit., p. 1059.

29. J. Krantz, £E• cit., p. 263.
30. Bayer and Company; British patent 8,592; Chem. Abstr., 10, 3137
(1916}.
31. Bayer and Company; German patent 289,163; Chem. Abstr., 10, 2501
(1916).
32. Bayer and Company; British patent 20,192; Chem. Abstr., 12, 1051
(1918).
33. o. Dressel, A. Ossenbeck, and E. Tietze, u. S. patent 1,898,431;
Chem. Abstr., gi, 2762 (1933) •
34. o. Dressel, A. Ossenbeck, and E. Tietze, German patent 546,143;
Chem. Abstr., _g£, 3335 (1932).
35. M. Shimotani, J. Pharm. Soc. Japan, 72, 328-JO (1952); Chem. Abstr.,
47, 1627 (1953).
36. F. Schonhofer and H. Henecka, German patent 583,207; Chem. Abstr.,
28' 260 (1934).
37.

L. Goodman, ££•

~·, P• 1145.

BZ

38. G. Francasso, Boll. chim farm. 90 314-19 (1951); Chem. Abstr., _46,
1160 (1952).
_,
39. A. Burger,

40.

~· ~·, p.

1060.

Ibid., p. 685.

41. A.

Brian, Arch. intern. pharmacodynaw.ie, 80, 301-9 (1949); Chem.
Abstr., .!!.!!, 1603 (1950).
-

42.

H. Latta, Bull. Johns Hopkins Hosp., 80, 181-97 (1947); Chem. Abstr.,

!Q;, 6977 (1947).

-

43. A. Brian, loc. cit.

44.

J. M. Berkebile, and A. H. Fries, J. Chem. Education, 25, 617-8

(1948) •.

45. K. P. DuBois,
Chem. Abs tr.,

J. Am. Phann. Assoc., Sci. Ed., 37, 307-10 (1948);

.!£,

2362 (191+9).

-

·

46. R. Koch, and W. Schwarze, Naunyn-Schmiedebergs Arch. exptl. Pathol.
Pharrnakol.; 225, 428-41 (1955); Chem. Abstr., 49, 11176 (1955).
47. D. Schroeder, E.E•
48.
·49.

~.,

~.,

188.

187.

c.

P. Richter,
1966 (1946).

u. s.

patent 2,390,848 (1945); Chem. Abstr., 40,

50. D. Schroeder, 2£• cit., 188.
51. E. Nicholas, and J. Lebduska, Compt. rend., 186, 141.ll-3, 1767-9
(1928); Chem. Abstr., 22, 3190 (1928).
~
52 •. A. J. J. Van de Velde, Chem. Abstr., 27, 2706 (1933).
53. W. L. Estabrooke, U. s. patent 1,938,585 (1933); Chem. Abstr., 28,
1474 (1934).
5Li. s. s. Guha-Sirear, and K. K. Patnaik~ J. Indian Chem. Soc., 27, 535
(1950); Chem. Abstr., 45, 5879 (1951J.
55. David
Soc.,

J. Beaver, Daniel P. Roman, and Paul J. Stoffel, J. Am.. Chem.

J.2., 1236-1245 (1957).

w. P-ersch, and E. Bartholomeus, German patent 553,278;
Chem. Abstr., 26, 4683 (1932).

56. :H. Bockmu.hl,

8J.
57 • M. Shimotani, J. Pharm. Soc. Japan 72 919 (1952); Chem. Abs tr.,
46, 9773 (1952).
' _,
58.

K. Ganapathi, J. Indian Chem. Soc., 15 525-31 (1938); Chem.
Abstr., 33, 2495 (1939).
-'

59. Wilhelm Neugebauer, Germe.n patent 705,106 (19Ll)· Chem· Abstr 36
2091 (1942).
.
'
•
., _,
60.
61.

Farbenindustrie Akt.--Geo. (I. G.), French patent 788,429;
Abstr., 30, 1520 (1936).

-

Che~.
.

F. J. Bandelin, and J. V. Tuschhoff, J. Am. Chem. Soc., 74, 4271
(1952).
.

62. D. Schroeder, .2E.• cit., 186.

63. R. Ciferri, aTJ.d G. Scaramuzzi, Ist. botan. univ. lab. crittogram,
Paris, Atti .2,, 307 (1947); Chem. Abstr., 43, 8089 (1949).
64. · K. Matsui, Chem. Abs tr., 47, 814 (1953).

65. W. M. Hoskins, H. P. Bloxham, and M. W. Vass Ess, Chem. Abstr.,
35, 1572 (19Ll).
66.

I. G. Farben, German patent 534,676; Chem. Abstr., 26, 1456 (1928).

67. E.

w.

Bosquet, and H. G. Guy,

u. S. patent 2,285,184; Chem. Abstr.,

68.

2&, 6744 (1942) •.
c. N. Hand, u. s.

69.

c. :N.' Hand, U. s. patent 1,573,490; Chem. Abstr., 20, 1491 (1926).

patent 1,573,490; Chem. Abstr., 24, 458 (1929).

70. Hanns Geller, German patent 627,144; Chem. Abstr., 30, 4266 (1936).
71.

I. G. Farben, French patent.702,703; Chem. Abstr., 25, 4352 (1931).

P. L. Salzberg, u. S. Patertt 2,139,697; Chem. Abstr., 33, 2252
(1939).
73, F B Flinn and J. M. Geary, Contrib. Boyce Thompson.Inst., 11,
2fu.-7 (1940);.Chem •. Abstr., 34, 8060 (1940).
72.

74.

J.

s. Buck, and E.

J. DeBeer, U. S.-Patent 2,254,136; Chem. Abstr.,

,22, 8212 (1941).
75. H. P. Kaufmann, and P. Schultz, Arch. Pharm., 273, 22-31 (1935);
Chem. Abstr., ~' 2660 (1935).

84
76.

R.

o. ·Clinton

and others, J. Am. Chem. Soc., 70, 9.50 (1948).

77. D. Schroeder, .s?E• cit., 18.5.
78.

K. H. Slotta, R. Tschesche, and H. Dressler, Ber., 63B, 208-22
- (1930); Chem. Abstr., ~' 272.5 (1930).

79.

L. c. Reid, Naunyn-Schmiedebergs Arch. exotl. Pathol. Pha.rmakol.,
219, 491-.501 (1953); Chem. Abstr., 47, 12441 (19.53).

80.

H. D. Purves, and W. E. Grissback, Brit. J. Exptl. Pathol., 27, 294
(1946); Chem. Abstr., 41, 2151 (1947).
-

81.

Stanley
(1956).

82.

c.

Skoryna, and Roderick

c.

Ross, Chem. Abstr.,

SO, 8037
-

E. Cruz-Coke, M. -Plaza -de los Reyes, and o. Oyarzun, Bol. soc.
biol. Santigo, Chile, §., 48 (1949); Chem. Abstr., 44, 41.50 (19.50).

83. E. Vazquez-Lopez, Brit. J. Cancer, 3, 401-14 (1949); Chem. Abstr.,
44, 8497 (19.50).
-

-

-

84. D. L. Woodhouse,_Cancer Research,
42, 8931 (1948).

1'

398-401 (1947); Chem. Abstr.,

8.5.

L. Arvy, and 11. Gabe (Sorbonne, Paris), Compt. rend. soc. biol.,
143, 1336-7 (1949); Chem. Abstr., 44, 7434 (19.50).

86.

A. Cannava, Boll. soc. ital. biol. sper., 22, 1195-1201 (1946);

g, 6338 (1947).
and z. Votava, Arch.

Chem.- Abstr.,.

-

.

87. H. Raskova,
intern. pharmacodyna.mie, 82, 35-47
_
(1950); Chem. Abstr., 44, 7982 (1950).

s. Dawes, and F. N. Fastier, Brit. J. Pharmacol., _2, 323-34
(1950); Chem. Abstr., .!!!!' 8536 (1950).

88. G.

89. D. Schroeder, ,£E• cit., 187.
90. L~ E. l1ay, and E. Mosettig, J. Org. Chem., 12, 869 (1947).
91 •. A.·C.-Roy, and P. c•. Guha, J. Sci. Ind. Research (India), 9B, 262
(1950); Chem. Abstr., ~' 6636 (1951).
92.

F. H. Curd and others, J. Chem. Soc., 1949, 1739.

93.

J. T. Haley,

94.

J. Feinstein, Science, 118, 522 (19.53).

s.

Mann, and A. H. Dm-my, Science, 114, 1.53 (1951).

85
95~

F. N. Fastier, Brit. J. Pharrnacol. 4 315-22 (1949)• Ch
Abstr., 44, 3616 (1950).
' -'
' em.

96. H. Raskova, Z. Votava, and·B. Zelenkova, Compt. rend. soc. biol.
143, 1354 (1949); Chem. Abstr., 44, 7434 (1950).
'
97. V. Papesch, and E. F. Schoreder,
Abstr., 46, 10196 (1952).

u. s.
.

patent 2 598 936• Chem

'

'

'

•

98. F. N. Fastier, end C. S. W. Reid, Brit. J. Pharmacol., i, 417-32
(1952); Chem. Abstr., 47, 214 (1953).
99. Jacroux, Photo-Rev., 47, 165-7 (1935); Chem. Abstr., 29, 6851
(1935).
.
100. L. Houben, Photo-Rev., 45, 179-80, 199-200 (1933); Chem. Abstr.

28' 1286 (1934).

.

'

101. Heinrich Freytag, Phot. Chronik, 45, 114 (1938); Chem. Abstr., 33,
2425 '(1939).
102. A. and L. Lumiere and A. Seyewitz, Brit. J. Phot., 55, 776 (1908);
Chem. Abstr., ~' 3311 (1907).
~
103.

T~

H. James, and W. Vanselow, J. Phys. Chem., 57, 725-9 (1953).

104. F. Evva, and o. Sziman, Chem. Abstr., 48, 1184 (1954).
105.

Andr~

Folgar, and Charles Halmes, U. S. patent 2,268,324 (19Ll);
Chem. Abst~., 36, 2486 (1942).
·

106. R. c. Wood, and H•. R. Young, u. s. patent 2,371,094 (1945); Chem.
Abstr., :2_2,. 3443 (1945) • ·
107. Elema laboratoires de produits ch:i.rniques, French patent 979,660
(1951); Chem. Abstr., 1£l., 7431 (1953).
108. Jacques Bancelin and Ires Crimail, Compt. rend., 201, 1033-4
(1935); Chem. Abstr., z.Q, 711 (1936).
109. T. P. Hoar, and R. D. Holliday, J. Appl. Chem., 2_, 502-13 (1953);
Chem. Abs tr., _!&, 5061 (1954) •
110. A. c. Makrides and N. Hackerman, Ind. Eng. Chem., 47, 1773-8
(1955).
111. T. Pierzchalski, Roczniki Chem., !!!' 608-13 (1934); Chem. Abstr.,
~, 6130 (1935).

86
112. I. E. Titova, and G. I. Chufarov, Chem. Abstr., So, 16299 (1956).
113. Yu P. Aronson, and L. H. Berman, Chem. Abstr., 37, 5688 (1943).
114.

s.

M. Cadwell,

1v.

J.

(1923).

115.

s.

u. s.

patent 1,440,962; Chem. Abstr., 17, 1560

Naunton, Chem. Abstr., 21, 671 (1927).

116. A. J. Laliberte, u. S. patent 2,342,870 (1044)• Chem Abstr 38
4836 (1944).
.
" '
•
• ' _,
Hi~l, and D. o. DePree~ u.
Chem. Abstr., 48, 1051 (1954J.

117. E. F.

s.

patent 2,651,620-3 (1953);

s.

patent 2,651,667 (1953);

118. Ibid.
119. E. F. Hill, and D. o. DePree~ u.
Chem. Abstr., 48, 7332 (1954J.

·

120. J. B. Rather, L. C. Beard, Jr., and O. !1. Reiff, U. S. patent
1,916,438 (1933); Chem.. Abstr.; 27, 4662 (1933).

-

121. L. A. Clarke, and J. R. Callaway,
Chem. Abstr., 33, 4011 (1939).

u.

S. patent 2,147,572 (1939);
.
.

122. R. L. Sibley, Soap, 16, No. 2, 21-2 (1940); Chem. Abstr.,
(1940).
-

2-!:,

1870

123. Kia-Khwe Jeu, Chia-Cheng Tong, Chi-Triang Lin, and Hsueh-Fank Ha,
J. Chinese Chem. Soc., 11, 25-33 (1944); Chem. Abstr., 39, 1302
(1945).
124. R. A. Hague, Textile Colorist, 57, 538 (1935); Chem. Abstr., 29,
7085 (1935).
125. J. R. Katz, and J. Seiberlich, Rayon Textile Honthly, 21, 82-3,
746-8 (1940); Chem. Abstr., 34, 1229 (1940).
126. J. R. Katz~ ~., 2_2, 907 (1941).
127. Heinz Hunsdiecker,
~' 6851 (1936).

u. s.

patent 2,051,947 (1936); Chen. Abstr.,

128. Charles Graenacher, Richard Sallmann, and OttL.o Al(brech)t, u. s.
patent 2,302,762 (1943); Chem. Abstr., 37, 2 .91 1943 •
129. Soc. pour l'ind. chim. a Bale, Swiss patent 213,419; Chem. Abstr.,
36, 4938 (1942).

87
130. H. A. Lubs, and A. L. Fox,
Abs tr., .7 871 (1936).

u. s.

patent 2 061 243 (1936); Chem.

'

'

131. H. A. Lubs, and A. L. Fox, U. s. patent 2,061,243 (1936); Chem.
Abst~., 31, 885 (1937).
132. David I. Randall, and Edgar E. Ren.few,
(1953); Chem. Abstr., 48, 3697 (1954).

u. s.

patent 2,664,427

133. Charles Granacher, Richard Sallmann, and Otto Albrecht, u. s. patent
2,331,387 (1943); Chem. Abstr., 38, 1587 (1944).
134. Maurice Fitz Gibbon, and Lunevale Products, Ltd., British patent
514,831 (1939); Chem. Abstr., 35, 4544 (1941).
r

.

-

135. E. I. du Pont de Nemours and Company~ British patent 483,399
{1938); Chem. Abstr., 32, 7167 (1938).
136. Soc. pour l':ind. chim. a Bale, Swiss patent 213,419 (1941); Chem.
Abstr., 36, 3590 (1942).
""

.f

:;;

137. E. I. du Pont de Nemours & Company, British patent 483,399 (1938);
Chem. Abstr., ~' 7167 (1938).
138. ~·
139. W. E. Hanford, and P. L. Salzberg, U. S. patent 2,313,871 (1943);
Chem. Abstr., 2]_, 5258 (1943).
140. I. G. Farben, German patent 678,305 (1939); Chem. Abstr., 33, 7925
(1939). . '
.
141. Alfred.Rieche, W. Rudolph, and R. Klar, U.S. patent 2,266,265
(~941); Chem. Abstr., .2&' 2350 (1942).
142.

w.

K. Loughborough, U. S. patent 2,298,017 (1942); Chem. Abstr.,

37, 1576 (1943).
143. Heinrich Gockel,
28, 4985.

z.

Electrochem., 40, 302-3 (1934); Chem. Abstr.,

144. Allen L. Solomon, Phy. Rev., 104, 1191 (1956).
Kumazo Sakki and Byohei Matsui, Japanese patent 3671 of 1954;
Chem. Abstr.: ~' 8016 (1955).
·

146. G. L. Perkins, and R. E. Sayre, U. S. patent 1,364,308 , 1,364,859
(l92l); Chem. Abstr., .!2_, 663 (1921).

88
147. F. A. Brinker, U. S. patent 2,052,214 2,052,274 (1936); Chem.
Abstr., 30, 7089 (1936).
'
148. F. G. Moses, R. W. Hess, and R. L. Perkins, u. s. patent 1 801 319
(1931); Chem. Abstr., 25, 3303 (1931).
' '
149. M. Venugopalan, s. Ranganathan, and R. W. Aldis Chem. Abstr., 28,
5689 (1934).
.
'
150. Daniel Swern, Ind. Eng. Chem., 47, 216 (1955).
151. J. M. M. Moreno, A. V. Roncero, and J. F. Jimenez Chem. Abstr.,
45, 9281 (1951).
'
152. H. Schlenk, J. A. Tilletson, and B. G. Lamp, J. Am. Chem. Soc.
77' 5437 (1955).
'
'
153. J. A. Weedman, U. S. patent 2,731,456 (1956); Chern. Abstr., 50,
8193 (1956).
~
154. Robert W. Schiessler, J. Am. Chem. Soc., 74, 1720 (1952).
155. D. Schroeder, Chem. Revs., 55, 182 (1955).
156.

K.

s.

Bhatki, and M. B. Kabadi, Science and Culture (India), 18,

548 (1953); Chern. Abstr., 47, 9849 (1953).
.

.

157~ A. Jilek, J~ Vrestal, and J. Havir, Chern. Zvesti, 10, 110-15
(1956); Chern. Abstr., .2Q, 8388 (1956).
~

B~rdodej, Chem. Listy, ~' 1870-1 (1954); Che~. Abstr., 49,
4442 (1955)-.
159. N. K. Dutt, and K. P. Sen Sarrna, Anal. Chim. Acta, 15, 21-4
(1956); Chem. Abstr., ~' 126 (1957).
~
158.

z.

160. A~

M: Menscheryako~,

Abstr.,

2.£,

Pochvovdenie, 1956, l~o. 3, 88-90; Chem.

16555 (1956).

161. F. F. Miller, K. Gedda, and H. Halissa, Hikrochenie ver. llikrochim.
Acta; .!!Q, 373-82 (1953); Chem. Abstr., 47, 7370 (1953).
162.

L. E. Zctlchikova, Zavodskaya Lab.,

15, 1025-7 (1949); Chem. Abstr.,

44, 1360 (1950).
163. Max Ziegler; Oskar Glernser, and Norbert Petri, z. anal. Chem.,
153, Jµ.5-18 (1956); Chem. Abstr., fil:, 7937 (1957).

89
164. J • H. Bartram, and P. J. C. Kent, 11etallurgia 35 91-2 (1946) ;,
Chem. Abstr., lf!:, 2347 (1947).
' ~'
165. D. Schroeder, £1?•
106~

~.,

E. Profft, Deut. Chem,

(1950).

190.

z.,

1, 51 (19~9); Chem. Abstr., 44, 5839
-

167. L. C. Raiford, and G. 11. lfoNulty,

.

.

J. J.rn. Chem. Soc.,

56, 680 (1934).

168. H. s. Fry, J. Am. Chem. Soc., 35, 1539 (1913).

s. Snedker, J. Soc. Chem. Ind. (London),
Abstr., 20, 174 (1926).

169. J.

44, 486T (1925);

.

.

170. W. Flemming, German patent 485,308; Chem. Abstr.,
171. N. A. Lange, andW, .R. Reed,

J,

~'

Chem,

862 (1930).

Am. Chem, Soc., 48, 1069 (1926).

172. L. c. Raiford, and G. 11. McNulty, J. Am. Chen, Soc., 56, 680
(1934).
173. ~174. Goodyear Tire and Rubber Company, British patent 164,326; Chem.
Abstr., 16, 106 (1922).
175. H. S. Fry, J. Am. Chem. Soc., 35, 1539 (1913).
176. Ibid., 1540-l.il.
177. Ibid., 1543.
178.

~.,

1540.

179. H. s. Fry, and B. s. Farquhar, Rec. trav. chim., 21., 1223-33
(1938); Chem. Abstr., J2., 1286 (1939).
180. L. Guglialmelli and others, Anales asoc. quim. argentina, 15,
337-62 (1927); Chem. Abstr., 22, 3407 (1928).
181~

L. Guglialmelli, ~., ~' 255-65 (1925); Chem. Abstr., _g£, 2325

(1926).
182. a. M. Dyson, J. Chem. Soc., 125, 1702 (1924).
183. G. M. Dyson, ~., 1927, 436. 184 • G. M. Dyson, ~., 125, 1702 (1924).

90
185.

J. S. Morley, and J.C. E. Simpson, J.·Chem. Soc., 1952, 2617.

186. G. !:1. Dyson, and R. F. Hunter, Rec. trav. chim. 45, 421-3 (1926);
Chem. Abstr., 20, 2835 (1926).
'

.

.

187. G. M. Dyson, and H. J. George, J. Chem. Soc., 1924, 1702-08.
'

188. D. Schroeder, Chem. Revs.,

z.2,

-

193 (1955).

189. Ibid.' 194.
190.

Friedrick Huter, z. Naturforsch., 26, 19-25 (1947)• Chem. Abstr.,
42, 681 (1948). .
.
.
'

191.

s.

Maruta, Bull. ~Jatnl. Hyg. Lab. (Japan), 67, 165-9 (1950)· Chem
Abstr., 49, 2390 (1955).
. '
•

192. M. M. Sanjoaquin, Ion, 11, 441-7 (1951); Chem. Abstr., 117, 2156

(1953)•·

-

-

193.

Ng. Phe BuU-Hoi, and Ng. D. Xuong, Compt, rend., 237, 498-500

194.

G. M. Dyson, and R. F. Hunter, Rec. trav. chim., 45, 421-3 (1926);

(1953); Chem. Abstr., 48, 3559 (1954).

Chem. Abstr., _g_Q, 2835 (1926).

~

-

195. J. V. Kostir, L. Loukota, and z. Vejdelek, Chem. Listy, 40, 281-2
(1946); Chem. Abstr., .!!,2, 5109 (1951).
196. R. La Shriner, R. C. E\lson, and D. Y. Curtin, The Systematic ~..
tification of Organic Compounds, John Wiley and Sons, Inc., New
York (19Sb);-p. 222.

197· E. Le Brovm, J. Chem. Soc., 1931, 1699.
198. k. N. Campbell, B. K. Campbell, and S. J. Patelski, Proc. Indiana
Acad. Sci.,

199.
200.

53, 119· (1943); Chern. Abstr., 39, 881 (1945).

I. otterbacher, and F.
(1929).

c.

Whitmore, J. Am. Chem. Soc.,

21.'

1909

P. P. T. Sah, s. H. Chiang, and H. H. Lei, J. Chinese Chem. Soc.,
225 (1934); Chem. Abstr., 29, 1429 (1935).
.

g,

201·•

P. P. T. Sah, ~.,

202.

c.

g_,

153 (1934); Chem. Abstr., 29, 461 (1935).

M. Suter, and E. W. Moffett, J • .Am. Chem. Soc., 55, 2497 (1933).

91
203. W. L• Tung and others, Science Repts. Natl. Tsinghua Univ., A3,
285 (1935); Chem. Abstr., 30, 2875 (1936).
204. A. Kjaer, K. Rubinstein, and K. Jensen, Acta Chem. Scand., 7,
518-27 (1953); Chem. Abstr., 48, 2998 (1954).
205. D. W. Browne, and G. H. Dyson, J. Chem. Soc., 1931
_, 3285.
'

206. R. Q. Brewster, Organic Chemistry, Prentice-Hall, Inc., New Jersey
(1958), p. 560.
207. D. W. Browne, and G. M. Dyson,

J. Chem. Soc.,

1931, 3285.

208. A. H. Cook, and G. H. Thomas, J. Chem. Soc., 1950, 1884.
209. Fritz Zetzsche and Artur Fredrich, Ber., 73, 1114-23, 1420-4
(1940); Chem. Abstr., 35, 2897 (1941). ~
210. D. Schroeder, Chem. Revs., 55, 194 (1955).
211. G. Inghilleri, Gazz. chirn. ital., 39, I, 634 (1909); Chem. Abstr.,
~' 686 (1911).
~ 212. A. E. Dixon,,'a.nd J. Taylor, J. Chem. Soc., 101, 2502 (1912).
213. E. J. DeBeer and others,
Abstr., 30, 5657 (1936).

J. Phannacol~,

57, 19-33 (1936); Chem.

214. J. W. Diensk~, Rec. trav. chim., 50, 407-14 (1931); Chem. Abstr.,
25, 4242 (1931).
215. N. A. Lange, and W. R. Reed, J. Am. Chem. Soc., 48, 1069 (1926).
216. H. Schubert, and K. Schutz, German patent 604,639; Chem. Abstr.,
29, 819 (1935).
217. M. Shimotani, J. Pharm.· Soc. Japan, E_, 328-30 (1952); Chem.
Abstr., 47, 1627 (1953).
218. H. Passin~~ J. prakt. Chem., 153, 1-25 (1939); Chem. Abstr., 33,
6307 (1939).
219.

M. Schubert, and K. Schutz,

££• ~·

220. F. Kurzer, Org. Syntheses, 21,, 21 (1951).
221. 11. Schubert, and K. Schutz, ££• ~·
and J. Hawthorne, J. Chem. Soc., 91, 122 (1907).
.
222. A. E. Di:x:on,

223. Vorrn. E. Schering, Chemische Fabrik auf Actien, British patent
255,466; Chem. Abstr., 21, 2704 (1927).
224. H. Schotte, U. s. patent 1,667,053; Chem. Abstr., 22, 1983 (1928).
225. E. Brand, and F. c. Brand, Org. Syntheses, 22, 59 (1942).
226. L. H. Bock, N. J. Leak, and J. L. Rainey,
Chem. Abstr., 45, 8039 (1951).
227. F. J. Bandelin, and J.
(1952).
228.

·n.

v.

u. s.

patent 2,547,366;

Tuschorr, J. Am. Chem. Soc., 74, 4271

Schroeder, Chem. Revs.; 55, 198 (1955).

229. Sidriey Siggia, Quantitative Organic

Anal~sis via Functional Groups,
John Wiley and Sons, Inc., N~w York (19~), pp. 103-105.

AUTOBIOORAPHY

I, Donald

w.

Kreh, was born in Frederick, Maryland, on March 17,

1937. In June of 1955, I was graduated from Hagerstown High School in
Hagerstown, Maryland. , In September.of 1955, I entered Mars Hill Junior
College at Mars Hill, North Carolina.

I received the Associate in Arts

degree in June of 1957 and then entered the University of Richmond.

In

June of 1959, I received the Bachelor of Science degree from the University of Richmond.
I entered the Graduate School of the University of Richmond in
September of 1959 and was Puryear Fellow in Chemistry for the school
terms of 1959-1960 and 1960-1961. During these two years and during
the summers of 1960 and 1961, I have carried on research with Dr. J.
Stanton Pierce.

